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I _THEOREITCAL INTRODDCTION

In the last 20 years, & considerab]:enum’ber of publications has
appeared concerning the photbch‘e;:_iis_try of ketones, This interest in
the mechanism of the photb&eco_mpos:if.ﬁion is attributable not only to
its intrinsic value, but also to the light it sheds on the properties
of ocertain organic free radiocals whioh may be produced during the
process, As in many photochemical reactions the primry prooels
occuz'ri'ng after absorp.tion of rediation is most .gene-rally .o_one_iaered. to
be a split of the ketone molecule into free radicals- thuein the case
of acetcne one may envisage the reactiom o | -\ _ .- -

cﬁ:’cocﬁ3 + hd — 01{3+03300 (1)
Such a. process would require a m:l.rﬂ.mum of :some' 70-90 kcal. per gn.

mol-ecule since this amount of energy is required to break the carbon-
' _oarbon bond in’ acetone. Acetone ‘begins to absorb light An the -_ o
'ultranolet at. a.bout 3300 A (Porter and Idﬂ:mgs (50) , but - absorption
I-reachee 4ts. maximum in a continuous regi_orx of the spectrum .centred
- around 2'800. 1; .a.nd- ei:tenaing down'-to 2206 .&. The . energy per einstein. _
.of 3300 A is 88 kecal,, g0 that the above reaction is energetioally
possible throughout the entire region of absorption, .and iti-.'pfa_,-r."t:l_.t;ular
is very well compati'ble with the continuoue spectrum. However, the
spectrum at the long wave end poesessee discrete struoture, and ‘bhis
banded region extends to 3050 A, where ‘it gradually merges- into the
continuum. In this region theén, one may r'ea"s_onabiy infer the formation
of an activated molecule of finite half-life, eccord.ing to the reaction:
CH,CO0H, + h? —» C‘I—'I}COQH%(. N O

3 3
The extent to which thils reaction contributes to the primary



process, and the fate of the excited molecules so produced has become
somewhat controversial, Spence and Wild (57,58) contend that such
activated moleoules may in certain circumstances be deactivated to a
second state of lower energy, from which they may in turn revert to
normal molecules, or decompose direétly into the profuct molecules -
ethane and carbon monoxide,

The exponents of a purely free radical interpretation, notably
W. A. Noyes and his collaborators, consider that if reaction (&) oocours
to any significant extenti, it is followed ultimately either by
deactivation to normal molecules, or by a split into free radicals,
On this basis all the products ‘of the photolysis are to be attributed
to the two radicalls methyl and acetyl; in faot there is fairly general
agreement that this is the case in the continuum region, and in
particular at 2537 A. |

Gonsideration of the reactj.on products is qulte compatible with
this- 1at1ﬁe1; in'te_fpretation, in certaiix cases it provid_eé per-hé.-ps the
only reasonable explanation. Thus Barak and Stj].'e's (4) identification
of diacetyl in the products at low temperatures is attributable to a
recombination betwsen two acetyl radioals, and is strong evidence for
their existence during photolysis, Other products normally observed

are CZHG’ CO, and cHh_; these may arise from the reactions:

G['_I3+0H3 "’OZHG essscssssas (7)
CH 00 -» CH 5400
CH +CH ;COCH ;> OH, +0H,C00H 5 ... (9)

Since in certain cases ethane and carbon monoxide are the sole products
in equal proportions, the primary reaction

01'130001-15 - 02H6+GO



has been proposed. It cannot be of major importance as a primary
process, however, for under suitable conditions the O H, yield 1s small
compared with that of Oﬁh, while CO produotion is stilliilarge. The
formation of ch- is diffiocult to interprete on any basis other than
reaction (9), but this requires the simulbaneous formation of the radical
(Z‘I2000H5. This redical may then compine with methyl,

mjd-mzCOGH} —» GZH_5COCI'13
yielding methyl-ethyl ketone, and indeed, Allen (2) has identified this
product in the products formed at high temperatures, One may also
envisage the reactions:

GH-2-000H +CH,C0 — CH GOGHZGOGH

373 3 3
2(932009'}1:5) - m30m2m20m5
CH,COCH ", '=> CH,+CH,00

Very recent work by Ferris and Ha&nes (23) has proved the formation of
ketene ét high tenipérgt;;res s in aécdfd with the -la_s't reaction above, but
none of th_e"o_the_r Iproduqt's has be,eﬁ .obs'érved to any é'_ignificg;nt extent.
R:i,oe , Bodowskas and Lewis (55), have, howevezl', identified diacetonyl in
the products of the thermal reactions of acetone and methyl radicals at
high temperatures,

Quantitative treatments of the photolysis in terms of the above '
free radical methanism depend very oritically on the kinetics assumed
for each reaction. Knowledge on such points is inevitably uncertain,
its major source is the trial and error method of finding: which equations
best fit the observed results, Indeed some objection may be raised to
free radical treatments in general on this score, for by suitable choioe

of kinetios they tend to explain too muoh rather than too little,
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Further, it is quite possible that the kinetics of a combination reaction
such as that between two methyls may vary with the total pressure in the
system, such a reaction may be second order and homoseneous at high
pressures, and revert to a first order heterogeneous process as the
pressure is lowered. One cannot expect, therefore, complete consistenoy
in the assumed kinetics except over a limited range of pressure, so that
proof of the assumed mechanism is even more indefinite.

The present work concerns a more direct method of investigating the
radical reactions which may ooour during .photo]_.ys.ts.. Though initially
directed els9vhere, my experiments were applied largely to the much
discussed case of acetone; it will be convenient at this stage to
consider the more relevant evidence on this ketone available from
quantitative studies of the products of the direct photolysis.

| Kinet:lc treatment of the photolysis of acetone
I# a number of e‘ari‘y pape!;s , 6.8 '( 30) ', Noyes and his school proposed

8 treatment in which r_adiea'i. cambination rcactions were considered
exclusively as wall processes, Thus the rate expression for reaction (7)

would be: o
wcHg) = Eyoy)
d.t. "~ (a)

where (A) is the total pressure in the system. This treatment explained
most of the observations at low pressures, but it was not entirely
satisfactory. In partioular, it failed to explain the var:.auomféin the
ratio of ethane to carbon monoxide in the pmducté with absorbed
intensity.

Consideration of a fast growing fund of experimental data has lead
to a recent paper by Noyes and Dorfman (45) in which the treatment is
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based on homogeneous bimolesular combination react ions.  This treatment
is consistent in its usumpt:lene over a wide ra.nge of preesures, and
'of‘fere an 1nterpretation of nearly a.11 available date, on’ the direct -
photolysis with some degree of quantitative accuracy. The reactiona
:l.nvolved 1n th:l.e treatment are set out below, together \vith the

‘corresponding rate .exp_mesei-on for--each.-reaction.'--

Reaction ' : ' Ra.te Egression : No.
. m3m3 + hY —->0H3+cn3co - ;6 I b, -‘ | 1.
60H,CO . s acH3+a00 T a ¢ Tabs, . . 2,
CH,COCH, + Y zcﬁfco - : _ 3.
033000&13 + . h9 »aﬂscocns _ o _ b
T i i 5 (a,00) s
2(cocH,) > CH,GococH, Ieg(0H,50,) 2 6.
Aat) O ey’ - 7.
GHSGOf-Gl_I}- - —»en.}cocﬁ3 __;:8(&1_3) (cnz’eo) | 8.
Ol ;+CH,00CH, . - ' ~> GH, +0H,COCH, . 1:9_'('033_) (A) S .9
20E,000,) - —>(CHC00H,), - I(CHGom)® . 1o,
cH3+,_cnzcdc'£13 - —>OH,CH,C0CH, kilchB)(cnscOGﬂiz) n.
CH ;C0+CH,,COCH,, —>c;13cocn-2cocH;. km(cg}co)(cﬁjcocnz)' 12.

@ , the quantum efficiency of reaction (1) s taken as unity at 253:7 i,
at 3130 A Noyes and Dorfman consider it is tamperature dependent,
approaching unity above 100 C.

An essential point in the treatment concerns the fate of the acetyl
radicals, Various estimates (5,26,30,46,54) of the activation energy for
decomposition of acetyl plaee it as 14~18 koal., Assuming Rice and
Herzfeld's estimate (54) of 70 kcal., for the letreng‘-_th of the C-C bond in

acetone, then, on absorption of 3130 A irradiation, equivalent to 91 kcal.



per einstein, some 20 keal, exceas energy remain to be shared between
the acetyl and methyl radicals so formed, Davis (13) shows that some
1} koal. may be retained by the acetyl radical, so that its spontanecus
decomposition is Just possible., At 2537 K, some 43 kcal, excess energy
is available, so that eponteneous decomposition of acetyl is more probable
at this wavelength. As a result, a fraction "a" of the originally
formed acetyl radicals will undergo spontaneous decomposition either
immediately, or in a time interval too short to permit the oocurence of
collisional deactivation, This precess is represented by reaction (2),
with the proviso that "a" is dependent on wavelength., Assuming this
treatment, Benson and Forbes (6),and Noyes and Dorfiman (45) estimate
from experimental data that "a" is about .07 at 3130 A end .22 at 2537 A.

Those acetyl radicals which survive thia initial disruption reach
thermal equilibrium with their surroundings, and may in turn decompose
according to the thermal reeaction (5). Assuming the normal type of
unimolecular mechanism for this reaction, Davis (13) estimates from
experimental data that its rate becomes indei:endent of pressure above
50mm., and simply proportional to acetyl concentration as set out above,

In terms of the above mechanism, one may attempt a quantitative
treatment of observed quantum yields as follows:

Quantum efficiency of acetone decomposition, § acetone

If one assigns an activation energy of zero to the back reaction (8),

then it will compete favourably with the product forming reactions for
removal of methyl and acetyl radicels, thereby lowering §acetone, This
effect will predominate only where the acetyl concentration is comparable
to that of methyl, and we muist conolude that this is the case at low

temperatures whexre §acetone is as low as 0,1, At higher temperatures



the thermal decamposition of acetyl becomes of increasing impertance,
and we find that at 100°C and above, @ acetone = $C0 = 1. The above
value of A/ 16 koal., for the activation energy of this decomposition is
compatible with this result, for the rate coefficient at 100° would be
2;0 times as high as at 25°, and one may reasonably infer complete
decomposition at the former temperature. Nevertheless, it should be
stressed that this result depends entirely on the relative rates of the
various reactions which compete for the acetyl radical; it is impossible
to assess this degree of decomposition into meﬁwl and carbon monoxide
without quantitetive knowledge of these rates, and hence of the
concentration of the reactants involved. One can say only that the
teunperafure dependance of ¢ acetone cen be interpreted in the above terms;
it could not have been quantitatively predioted, éven with the imowladge
that By = 16 keal, I

Tl;e abﬁv’e disoussion relates the ténxperp.’ture dependence of f acetone
to the rate of equation (5), on the a,ssnmp‘l';ﬂ,on' that ﬁ is unity throughout,
However Noyes and Dorfman conolude from experimental date that § itself
18 temperature dependent at. 5130 A. To expla:l.n this effect, the
formation of activated molecules by reaction (4) is invoked. The
following mechanism is envisaged:

Reaction Rete Expression No.
%
GHBGOOHB + h? ->GH}GOGHS I a'b:. (&)
* i .
CH,COCH,, —>CH ;+CH ;00 "15(033"0"“33* (13)
. *
cn}eocn3 + A = 2 ku(auscocns) (a) (1)

Hence the primary quantum yield of radicals "¢", will be given by
1

S O




Assuming that Eu'_- 0, the value ].‘.13 = 5 kecal, is deduced from the
experimental observation that ¢ =1at 1oo° but falls to .7 at 25°,
with an acetone pressure of 100mm, Such a calculation is somewhat
speculative, for it is based on assumed absolute values of the rates of
reactions (13) and (14). The essential requirement is that B, - ), =
5 keal; the assuiption that By, = O is by no means proved, though it
may be theoretically probable.

Suc_lr; a scheme interpretes the temperature dependence of ¢ , but it
requ:@e’_é a 'qomp;ementary pressure effect where klh(A) is comparable to
k5 i.e. at low temperatures. It appliee only in the banded region of
sbsorption; at 2537 4, g-1 under all oonditions,

Effect of pressure on Jacetone

When the activated molecule effect is negligible, it will be seen
that every reaction in the proposed meohanism is independent of pressure,
with the s\ingle exception of the methane forming reaction, (9). There
@GHI'_ is low, then Qacetope should be independent of pressure; if @

CH, is appreciable, it (3 GHZ.,) will rise with increase of pressure wi'bh
results which cannot possibly lower §acetone, though they may inorease
it,

Experimentally, one finds that §acetone is indeed pressure
independent at 2537 A at pressures above 50mm. Below this pressure, it
begins to rise as the pressure is lowered. Such an effect may be
attributed to the increasing predominance of wall reactions, and one is
perhaps justified in adopting this value of 50mm., as the limiting pressure
below which the above mechanism breaks down, for it will be recalled that
it ie based entirely on homogenecus reactions. At 3130 A however, &

acetone continues to deorease markedly with increase of pressure, right



up to 150mm. at 25° (Herr & Noyes), so that some other effect must be
operating, It is precisely under these conditions that the above
activated molecule mechanism should operate, and its effect would be in
accord with these observations., This point does not appear to have been
mentioned in the literature, nevertheless it adds confirmation to the
proposed activated molecule mechanism at 3130 K.

Effect of Intensity on ¢ acetone

Since the rate of the back reaction (8) is proportional to the
product of methyl and acetyl concentration, i.e. it is second order, then
as the standing concentration of 1;hes_e radicals is increased with increase
of intensity, its probability as a method of radical removal will also
inorease, relative to the product forming reactions (5) and (11), for
both of these are first order with respect to radicai concentration,

The result will be to lower & acetone with increasing intensity. 1If,
however, conditions are such that (5) and (11) are negligible compared
to the secc.md order product forming reactions (6). and (7), the'nﬁshouid
be independent of I abs, It ié imposaible fo assess thié ef-fec.st
quantitatively, for a mathematical analysis required a prohibitive amount
of data, nevertheless the general trend may be - foreseen, _

Herr and Noyes find that § acetone falls with increase of intensity
at 2537_101., but it is intensity independent at 3130 K under otherwise
similar conditions. Spence and Wild contend that this argues in favour
of their acti.vated molecule mechanism (to be discussed later), but the
data are unconvincing. Unfortunately Herr and Noyes' work was performed
at 50mm., at which pressure wall reactions may begin to contribute to the
mechanism, thus rendering the above treatment invalid. It is diffioult

however, to see why such an effect should predominate any more at one
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wavelength than another. More recent work by Howland and Noyes (31)
was performed at 120mm. and 3130 A, They found a definite decrease in
f acetone with inorease in intensity, preolsely as found at 2537 i, 80
that this point of Spence and Wild's argument appears to be refuted.
Quantum yields of CO, C2Hg a.nd CHy,

A full mathennt:l.cal a.na.lys:l.s of the above mechanism :Le socarcely

desirable, for its use would require a prohibitive knowledge of rate
oonstents and concentrations, Nevertheless, the general tremd of
experimentally dsterminable guantities mey be:dsduced, and in certain
limiting conditions quantitative expressions have been derived. The
following points are partifmnarli relevant:

(a) ggantm _yield of carbon monoxide

It has been pointed out above, that Q 00 = dacetone =1 at temperatures
above 100°, umier praoﬁ.oally all oena.i.tions of wavelength pressure, and.
intensity. This point 15 well established, in faot the direct photolys:l.a
of acetone at 120‘ i.s :I.n use as &n aetinametrie reaetion. § co fa.lle with
decrease in temperature as would be required, but it is an essential point
of the above treatment that $CO >a . This should remain true even
where all seoondary reactions of radicals are inhibited.

b) The ratio of ethamne to carbon monoxide in the products
This ratio falls with inorease of pressure at 25°C at both wavelengths;
the effect 1s most pronounced at low pressures where heterogeneocus
processes could explain it, but it appears to persist at pressures well
above 50mm. at 3130 1{ and less significantly so at 2537 A The mechanism
set out above cannot explain such effeots, so that we are forced to conclude
that heterogeneous processes still contribute to the overall mechanism at

pressures above 50mm. There is considerable evidence on this point:-




(1) Iredale and Lyons (35) f£ind that dlacetyl produotion 1s quenched,
and the czusjco ratio falls, when the photolysis is performed with the
-add:lti.on of 50 cm. of :l.nert gas., This.wo:_l_'k.wa_e-ga_n'l.ed. out ‘at 150mm. of
acetor_le. N ) _

(2) Herr and Noy'es (30) have shown that caloulatians of the G fi[c0
rat:l.o based exelusively on heterogeneous mechanisms are. in: realons.ble
accord w:l.th experiment up to pressures of 200mm _

(3) Spence ana wila (59) and; Howlana and Noyes (32) have shown that
the. °2*‘5/°° ratio d.epends :I.nter el:la on the d.‘l.mens:l.ons of the reaction
vessel again at high pressures (160mm.)

Either or both of two pressure reaot:.ons wou].d expla.tn these results;
one is the heterogeneous formation of diacetyl the other 'is the pressure
dependent deoomposit:l.on of' aoetyl. Point (3) above appears to favour the
former., It :l.s worthy of ;;ote that the pereitenoe of such rea.-ot:l_-.one
would also e.xlplain' thie p;efssufe ae'penaeace of § -Acet_o:xe,"with_csut the
introdnctien of the a.otivated molem;le meohem.sm d.'lscussed above. It is
'questionahle, hawever, whether the rather ma.rlced differenoe in behaviour
observed. at the two wavelengths ‘oou‘ld be e.oooxmte_d for on this hasis.

The above treatment preducts that the._qg{_s/qo ratio should increase
to a limiting maximm with inorease in absorbed intensity; _No.yes end
Dorfmen show that such maximum values may be deduced £rom their estimated
values of "a" with results which are in reasonable accord with experiment.

(o) Quantum yield of methane |

The formation of methane by reaction (9)
Hel ; I - ] ssenssscsnse
CH, + CH;COCH, > CH, + GH,00CH, | (9)
has been suggested by Spence and Wild (59), Allen (2) and by Dorfmen and

Noyes. If reactions (7) and (9) are the sole means of production of



ethane and methane respectively, then one obtains:

Im, K @
( E-G-ZHG)V" ) i;i"l- I abs,”*

Dorfman and Noyes (16) show that the comstant term ko/k, % 18
experimentally independent of intensity at 26° and 122°; the pressure
effect was not investigated over a very wide range, but the general
agreement was Just as good at 3130 Z as at 2537 R Trotman, Dickinson
and Steacie (68) have investigated this ':_"t’el'a_tion at 2537 i over a large
variation in intensity and pressure, ~ Their results are in excellent
agreement with -the equation as regards intensity,and indicate omly a
very small drift in the oonstant term with pressure, Further, Dorfman
and Gomer (15) find a similar treatment is in experimental agreement
with the methane yields observed in the reaction of photo-chemically
produced methyl radicals with dimethylmercury, ethylene oxidegand
butane.

Confirmation of this point appears to be excellent, and indeed
provides a very strong argument in favour of the free radical treatment,
In particular it supports the view that ethane arises from a homogenecus
second order reaction, so that the above conclusion that diacetyl formation
proceeds hetergeneously under similar conditions.is somewhat surprising.,

{(d) Quantum yield of ethane

In the limiting case where decomposition of acetyl is complete, (i.e.
at temperatures above 100°), Noyes and Dorfiman have developed an equation
for the quantum yield of both methane and ethane, by an extension of the
above treatment, Experimental values are in fair agreement with this
equation; preocise agreement is scarcely to be expected since the equation

* .
embodies a number of constants and also terms in &, so that any small



errors in determination of constents would lead to large deviations ind .

:_[t appears then that the evidence presented so far is generally in
agréement with the r,eaoibion schéme gset o}at above, Discrepancies are
concerned mainly with the kinetios of reactions of thée acetyl radical,
There is evid.encg for the per_s:_l._stence of léw pressure reactions of this
redical at pressures well above 50mn.; this is contrary to Noyes and
Dorfman's assumption,but it does not invalidite the quantitative treatment
of other rad:t_ca],é, and in general an 'Oveﬁll ‘free radical mechanism appears
reasensble at ‘both wavelengths, . |

Spence and Wild are in agre_emen‘l: with this oconclusion at 2537 L-,
though differing in their detailed trea‘hnent. They propose a very
different trea‘hnent for the bandad regien, represented by the following

reaet:.ons, _
CE 000 T .cnscocn; s 1
cH}cccﬂ3 210850, .cnfcnsco ciesnseses 8 2
5000113 + A —— _mjcocnj £h sevivences 83
CH CO0H,** 107%800,, OHHCO - .uiiveenns S h
GHBOOGH}” Wall .y G H+CO cesessscee 83 5
oH,,C00H, " * ———> CGHQ00H,  .ieceeeenn 86

cnjcocm;'mnjco ~———>  OHy000Hy#0H.4C0 ooveeee 8 7
These reactions are founded on the following observations in the banded
region, is. at 3130 A.:

(1) At constant intensity, both  acetons and the ratio OHtg/CO
deéreaae with increase of pressure, in a manner more marked than in the
continuum., The data suggest that ‘P acetone -> las (A) — O.

{2) At constant pressure, § acetone is independent of I abs., in
contrast to its behaviour in the continuum region.



(3) At moderate pressures (160mi) a reduction in the mean dimension
of the reaction vessel causes CH/00 to decrease toward unity. '

(&) At high intensities the CJH./CO ratio obtained with continuum
light is reduced by the presence of light in the banded region to an extent
which is considerably greater than would be expected on a purely additive
basis,

(5) The work of Almy et al (3) indicated that the yellow green
fluorescence found during acetone photolysis predominently in the banded
region, is attributable to a senaitised fluorescence of the diacetyl
formed during photolysis, and probably arises from a transference of emergy
from excited acetone molecules, Consideration of the possible diacetyl
conocentration leads .to the assumptlon of long lived excited molecules to
account for such effects,

In terms of the proposed mechanism, the effeot of inoreased pressure
would be to. -tﬁnsfe: proportionally more activated molecules to the 2nd
state, Assuning that deactivation of such molecules in the 2nd state is
faster than their dissociation into O H, & 0O, then the net effect of
inoreased pressure would be to lower § acetone, and decrease CZBJGO to
values nearer unity, in agreement with (1). Such effects are explicable
on a purely free radical mechanism, as pointed out above. Since the
initiel meximm value of G,H,/00 at low pressures is higher at 3130 A them
in the ocontinuum (due to lower excess energy of the acetyl radical), then
its fall with increase of pressure would 'be expected to be more pronounced
also,

The trend, ¢ acetone —> 1 as (A) —> 0, is not explained
since as (A) -> O,the (Spence and Wild) mechanism becomes effectively

free radical in nature, Data at low pressures are not conclusive, however.
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Unfortunately, a good deal of the data involved is in dispute. Thus
the work of Howland and Noyes (31) centradicts (2), at pressures where
the Spence and Wild mechanism would iﬁdioai:e .an even greater divergence
from the continm:m results, Further, the data of Herr and Noyes (30)
end of Howland and Noyes. (32) on the diameter effect yields ratios of
02}'16/00 which differ m’a__rkediy from Spence and W:L_;I.d"'e e‘bs,ervat:.l.ons when due
allowance has been made for an apparently misteken -eetim,'ate of the mean
molecular diepleoement (Davis,(l})) " In any case '-ueh'-'diameter effects
are explicable on an exolusively free rad'i.eal interpretation, though the
assumption of the wall reaotion -(85) in the Spence and Wild mechanism is
more aooeptable at high pressures. '

On any bas:l.l, the predict:l.en of mixed light effects presents
considerable 'd'.'l.fﬂcult_y, a.nd :I:t is qt_-ze'etiona‘ble whether the nature of_ the
| light used can be detemined sufficiently quantitatively to assess
additivity of the results, Point (#), therefore, must be acoepted with
some reserve ’ though if the effect ia genuine it is- well exglainea by
Spenoe aml Wﬂd's reaction (36)

The existence of fluorescence certainly points to fhe femat:i._on of
excited molecules, In this respect, however, the results obtained from
fluoresoence stﬁdiee are ee‘.s_entie,llj qualitative; there can be little
doubt that activatéd molecules play some part in the mechaniem, but the
overall energy loss by fluorescence iteelf is very low, Hunt and Noyes
{ 34) ‘estimate from all previous work that it does not exceed 2% of the
absorbed energy, and may well be considerably less,

It appears that the Spence and Wild mechanism does offer an explanation
of the above oﬁsemtions; but that most such observations are

experimentally in dispute., The remainder may be explaineﬂ on an



exelusively free radical treatment, thongh perhaps not so comoisely. A
major objection to such a mechanism is its limited range of applicability;
it is most difficult to account for the high quantum ylelds observed at
high temperatures on such a scheme. Spence and Wild oontend that the
lifetime of the first activated molecules is strongly temperature dependent,
so that at 100° and above they dissociate completely into radiéals before
collisional deactivation can intervene., This necessarilly assumes that
the strength of the C - C band in such excited molecules - and therefore in
acetone itself - is very close indeed to the energy of one einstein of

3130 £ irredlation, i.e. 91 koal. Only in this case wouldthe the small
additional thermal emergy of 1 or 2 keal. imparted by a rise in temperature,
made such a d:l.fferer'me to the rate of spontaneous dissociation of such
molecules, One oar;not be definite about this bond energy; estimates vary
-from 70 to 90 keal., but it w:iJ.l be recalled that the treatment of the
acetyl decomposition is based on the lowest of these values. The
assumption is qucstionablo, to say the leasgt, .

Feldman, Burton, Ricci and Davies (21) take. an altemative view, and
consider that the temperature effect is reflected in the lifetime of the
seoond excited molecules. On this basis the high temperature products
would be almost exclusively ethane and carbon monoxide, a situation which
is by no means verified experimentally,

Summary of Oonolusions

A number of other interpretations of the mechanism have been advancad,'
differing only in the nature and kiﬁet:lo treatment of secondary radical
reactions. The Noyes and Dorfman treﬁtmnt has been selected for discussion
einoe it is the most recent and comprehensive; one concludes that the free

radical basis of the mechanism is reasonably well borme out by such studies,
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The only alternative advanced is that of Spence and Wild, but the evidence
in its favour appears to be disputable,

Direct Evidence of Radical Produotion

Pearson and Purcell (49) have shown from studies of the photolysis
in & flow system that the produots possess the property of removing mirrors
of antimony, tellurium, end lead, in the same manner, and with the same
half life as Paneth and his co-workers have found for the methyl radical.
These authors also identified methyl-telluride, dimethylmercury, and
trimethylarsine in the products, conﬁrming that the radical involved is
me_thyl.. Further confirmation comes from the work of Prileshajeva and
Iei;'exain (51) and of Glazebrook and Pearson (29) who have also dedected
free radicels in the products by the Paneth technique.  Glazebrook and
Pearson also confirmed the formation of diacetyl at room temperature, and
by comparison of the rates of diacetyl formation and mirror removael '.conclude
that methyl and acetyl radicals are produced in substéntially equal
proportions, | _

Feldman, Ricol, and Burton (20) have used a flow system with two lead
miﬁors to investigate the s-tabil:ity .of.' the acetyl rad:l.cal. At 45° the
second mirror is attacked by methyl radicals formed by decomposition of
acetyl in the space between the two mirrors; at 100° no such effect was
observed., They conclude that acetyl is comp_let'ely decomposed at 100°, so
that all the meﬁvl formed by 1fs decomposition is completely removed by
the first mirror. Such a conclusion is entirely compatible with the
preceding treatment, but the stability or half .l:l.fe of any such radical is
obviously dependent on more factors than tenpératum alone,

Further evidence for the presence of free radicals is afforded by
Taylor and Jungers ( 65) who found that the polymerisation of acetylene is
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induced by the radicals formed during photolysis of acetome; similarly
Danby and Hinshelwood (12) observed an induced polymerization of ethyleme.
Taylor and Rosenblum (66) have shown that hydrogen reacts with the
photolysis products ylelding methane, again in accord with the formation
of methyl,
guantitet:l.ve Estimates

In their studies of the rate of induced polymerization in olefins at
300°, Danby and Hinshelwood (12) conclude that acetone is 707 as effective
as acetaldehyde in producing free radicals, In this work the full light
of a meroury arc was used, so that it is difficult to estimate primary
radical ylelds from such a result since the radical yield in acetaldehyde
rises with inerease in wavelength while in acetone it a.ppears to deorease,
The results do show that the primary yield of radiocals is of the same order
in both capes.

Gm;ix_ﬁ.ame and Rollefson (25) have extended some earlier work by
Akeroyd and Norrish (1) who showed that acetone is able to photosensitisze
the chain decomposition of acetaldehyde, By ocomparing the rate of this
chain reaction at high temperatures in acetaldehyde alone, with that in
a.ooteﬁe-e.cetalde}wde mixtures, Grahame and Rollefison obtained the following
relative values of radical quantum yields: ?

We.velength Acetaldehyde Acetone
1P A 1,00 0.70
2652 " 0.55 ‘ _ 0.92

Other work: indicatesthat the absolute value of the radical quantum
yield in acetaldehyde is unity at 3130 A. under these conditions, so that
the above figures may be taken as an approximate estimate of this quantity

for acetone,
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It 1s diffioult to obtain guantitative information on radical yields
from mirror removal methods, since the yield of metel derivative is too
snall for acourate analysis, and it is qus'sti_.on_ablé if the method can ° .
remove all radicals before secondary reactions take place. Nevertheless,
Feldman, Rieci, Burton and Davis (27) have attempted such work, with most
surprising results, The reaction was carried out in a flow system at
4mm. pressure, with a long lead mirror immediately adjacent to the
irradiated section of the apparatus, The lead alkyl formed was estimated
by dithizone titration for lead, and radical yields were estimated on the

assumption that the product was entirely Pb(CH Analyses for CO and

-
°2H6 were also carried out on each rum,

With 2537 A irrediation, it was found that ethane remained a major
product, equivalent to 70-96% of the GO yield at all temperatures from
0°* to 100', in spite of the well established fact that the mirrors used
were sufficlently long to remove all mirror-active particles, The methyl
yield was always less then that of 00, averaging 30-607% of this value even
when corrected for small (15%) losses of methyl radicels prior to reaching
the mirror. If ethane production were due exclusively to méthyl radicals,
one would expect it to be completely quenched in these conditions; while
at 100° where the acetyl radical is fully decomposed to methyl and CO, the
methyl yield should be double that of carbon monoxide.,

' The authors conclude that only 30% of the reaction proceeds by free
"radical processes, and interpret their results in terms ‘of the Spence and
Wild mechanism, There are objections to the general acceptance of such
an interpretation, notably its fa:i.lure to account for yields of methane
at high temperatures. Moreover, even assuming that the mechanism could

operate in the continuum region, in direct opposition to all theoretical



considerations, it could scarcely account for high yields of ethane by
molecular rearrangement at such low pressures. Nevertheless, these
results are not to be reconciled with an exclusively radical type of
mechaniem unless one assumes some kind of poisoning of the lead mirror;

in such a way as would favour the production of ethane rather than lead
tetramethyl. There is probably quite a large error in the methyl
determinations as Davis (13) points out, but one can scarcely question the
high yield of ethane, This point appears to defy any reasonable
1nte_rpreta.tion. .

Leighton and Volman (37), and Volman, Leighton, Blacet and Brinton (69)
have applied the Paneth techmigue to the comparison of radical yields at
different wavelenghts. Using standard mirrors of tellurium in a flow.
system at 2m, they compared the rate of radicel production as measured by
the rate of mirror removal, with the rate of photolysis, measured by the
rate of production of permament gas; and found the following results:

Wave Lenghth Relative No. of Free Radicals,
fqr th_e same rate o_f G_e.s Foma_tion.

3160 - 3180 A 1.06 arbitrary units
2800 " . 3.5 " n
2537 " 10.6 n "

A priori, these results would indicate that the radical quantum yield
at 3170 A s only one tenth of its valus at 2537 A. There are, however,
several objeotions to this interpretation:

(1) A distance of 9cm. separated the mirror from the irradiation zone,
80 that an undetermined fraction, & , of the radicals would form gaseous
products before reaching the mirror., Since those radicals formed at



3170 A would possess less excess energy than those at 2537 A., it is
eonceivable that they would have a shorter half life, Thus « would be
greater at long wavelengths, and would explain the observed results.

(2) The gas yield is proportional to the rate of photolysis only if
one assumes that its quantum yield, § gas, is independent of wavelength.
There are some indications (Spence end Wild) that this is not so at low
pressures, that in fact § gas approaches unity at 3130 A while still
remaining Zow at 2537 A.

(3) Retes of radicsl formation were estimated from the reciprocal
of the time taken for complete removal of mirrors. Obviously, for most of
the duration of a run the mirrors did not quantitatively remove the radicals
passing them, One must then make the very guestionable assumption that
the efficiency of radical removel is independent of the wavelength at
which such radicals are formed, and hence of their energy.

In view of the above, the authors' conolusions can scarcely be
justified quantitatively.

An alternative method of radical estimation has been applied by
Gorin (26,27,28). He performed the photolysis in the presence of iodine
vapour, under which oonditions the alkyl radicals appear to be quantitatively
removed aoéoniing to one or both of the following reactions:

CH, + I —>» OCH,I + 1

3 2 3

Various estimates of the activation emergy of such reactions have bsen
given (Steacie (61)), varying fram O to 12 kcal. Probably O -1 keal, is
reasonable, and is compatible with the low quantum ylelds in the photolysis
of methyl iodide, Henoce, even assuming that the normal radical

cambination reactions have zero activation energy, they could not compete



with the jodide forming reactions abgve, since the concentration of iodine
is enormously higher than that of any of the radicals present. Gorin
found in fact, that only 0.2mm. of iodine was sufficient to quench nearly
all the secondary ethane forming reactions; he therefore concluded that
the yield of each radical is quantitatively equivalent to that of its
corresponding iodide,

His results were as follows:~

In the unfiltered irradiation of a meroury

(1) The.quexzt\m yield of methyl iodide, §'Me1,.was found to be unity
within experimental error; and independent of acetone pressure from 360 to
616mm., iodine pressure from 1 to 4mm., and temperature from 60 to 80°,

(2) Yields of CO averaged only about 2% of the MeI yleld at 80°, but
rose to 7% at 100°, end 365.at 130°,

(3) Acetyl iodide was observed, but the yield was not equivalent to
that of methyl i0dids, varying from 10 to z.o% of this, value. 5 AcT
apparently rose with inorease in 12 preosure, but remained essentially
independent of tempera.ture f£rom 60 to 130°.

(b) At 3130 &
At 90° and high i)ressures (850 and 1265m,) of acetone, § MeI was

found to be about 0.8. Only two experiments were carried out, and yields
of CO and acetyl iodide were not reported. '

Gorin concluded that the primary process is entirely represented by
the reaction

hy
. GYHJGOGH3 + - GH5+0H300 .

at 2537 A, though perhaps other processes contribute at 3130 A, to a minor
extent.

' pelow (0a”*

Since the yleld of CO is practically negligible, there can be
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virtually no decomposition of acetyl into methyl and CO under his
eonditions, even though § Aol is less than PMeI. To account for the
variation in @ Acl, a reversible reaction is assumed:
(3H3 + I, — GHBOOI + I

This would make ¢ Acl proporticnal to iodine pressure as cbserved,
but such an assumption is improbable from theoretical considerations,
Gorin assumes that the balance of the acetyl yield appears as diacetyl,
and reports the qualitative detection of diacetyl in support of this., He
concludes that the- low yields of diacetyl observed at high temperatures
in the direct photolysis are not mainly attributable to :|.nqreased therma}
decomposition of acetyl, but rather to the reaction:

m3+m{5co —> CH+C0

Since practically all methyl redicals are removed in the presemce of 12,
this reaction could not occur under Gorin's comnditions and would leave
the acetyl free to take part in other reactions, thus forming disocetyl and
acetyl iodide, This reaction has been suggested by other authors e,g.
.Spence and Wild, and Saunders and Taylor (56),as an integral step in the
direct photolysis, and it does provide a very neat explanation of Gorin's
results, However, the marked temperature dependence of quantum yields in
the direct photolysis between 25° and 100° requires a minimm activation
energy of about 19 koal. for such a reaction; a velue which is much more
compe._t:l.'ple with a number of estimates of the acetyl decomposition, and in
particular with the temperature dependence of CO yields in Gorin's work at
still higher temperatures, Further, if this reaction is of such major
significance as Gorin indicates, then it must also be the main source of

ethane production, and must therefore compete favourably with the reaction

between two mothyl radicals. Yet this latter reaction has only a low




aotivation energy, probably less than 2 or 3 keal; and must surely be
considerably more efficient than the above mechamism, for which we must
assume an aotivation enexrgy of some 19 keal, PFurther, there is reason to
donl;t tﬁe validity of Gorin's analysis for acetyl iodide, so that on the
whole his conolusions regarding the acetyl mechanism must bée seriously
questioned.,

quertheles, Gorin's experiments represent a valuable advance in
this field, for they indicate an elegant method of estimating radical ylelds
Wﬁthout interfering with the normal primary processes., A similar
investigation in the presence of iodine was carried out by Bemson and
Forbes (6), who perfomed. the photolysis.in a flow system at 12um. acetone
pressure, and with nearly monochromatic 2537 i light., In spite of very
careful control of experimental oconditions, their results were not entirely
repr&dﬁqible. This may be due in part to the largé number of greased taps
in the system, whioch oould. absorb small amounts of iodine and acetyl iodide.
There results were as follows:

(1) Ethane formation waes entirely quenched in the presence of iodine,
even though the I, pressure was only 1/54 that of acetone.

(2) The yield of CO was reduced in the presence of I,, but only to

29
50% to 80% of its normal value,

(3) Methane production was reduced to 14 - 20% of its normal value,
equivalent to a quantum yleld in the presence of I, of approximately 0,015,

(4) They were unable to separate methyl and acetyl iodides by Gorin's
method (one vacuum distillation at -30°C), and conclude that his analyses
for this produot were unreliable, They report no yleld of acetyl lodide,
though it must have formed to some extent. No diacetyl was found in the

presence of iodine at any temperature, It is not possible to draw any




definite conclusions regarding the acetyl mechanism from thesg results.

(5) By very indirect methods the overall quantum yleld of acetone
decomposition was found to be unity - within a large experimental error.

The high yields of G0 are directly opposed to Gorin's work, even
making some allowance for the fact that Gorin's light source was not
monochromatic, and suggest that some spontaneous decomposition of acetyl
ocours at 2537 A. Accepting Dorfman and Noyes' estimate of this effect
(p<6), ome would expect that § 00 should be at least .07 at 3130 A, and
22 at 2537 1;.. It .is poasible that heterogeneous decomposition of acetyl
contributed in part to Benson and Forbes result that $ CO = .7 since they
worked at 12mm, of acetone, whereas Gorin's investigations were made at
very high pressures,

The most striking point in both the iodine investigations is that the
results are guantitatively compatible with an exoius:l.vely free radiéai
mechaniasm, as required by most of the indirect comsiderations pointed out
ebove, The method provides a most convenient means of déterm:l.ning such
radical mechanisms, but it still suffers from the. inherent difficultues of
all photochemical investigations, in that the yields obtained are normally
too low for accurate estimation., Thus Gorin obtained yields of the order
of 20 x ZI.O‘6 gm.mole. of methyl iodide, equivalent to about 2 mg of I;
the separation of such quantities -of methyl and acetyl iodides is obviously
no small problem. To avércome_ this, the photolysis may be grilrged, but
this may well lead to interference from photochemical decomposition of the
products, if they are allowed to build up to a.ny appreoiable concentration.
Further, prolonged running of the irradiation source raises difficulties
in maintaining constant intensity, and measurement of absorbed gquanta.

Benson and Forbes used a flow system to obviate the first difficulty; the




second still remains,

NATURE QOF PRESENT INVESTIGATION
The present investigations aim at improving the semsitivity of such

determinations with the aid of a radicactive tracer technique. If the
photolysis is performed in the presence of radiocactive iodine, then the
iodide products will also be radioact_ive, and very readily detected. They
may in fact be considerably diluted with their equivalent inaotivé products
in quantities sufficient for reasonable separation, while still displaying
sufficient activity for acourate measurement., From such activity
measurements on each of the separated products, one may deduce the absolute
yield of such produots during the phofolysis‘. Such a method should not
only. improve the sensitivity of determinations, it also emables the
separation and. measurement of produots which are chemically similar, such
as methyl and ethyl iodides a task wh:i.ch is virtually impossible by
normal methods on the small ylelds available, .

hoto]ggg.i of methyl-ethgl ketone
The work was begun on the 'basis of Gorin's conclusions, and was

applied initially to a study of methyl-ethyl ketone., This ketone offers
interesting possibllities, for it may dissoclate into either of two pairs
of radicals

; cns + czusco (a)
CH ;000 JH,; -
czn5 + cn}co eessss (D)

There is ample evidence for the formation of. radicals during the photolysis,
apart from the rather obvious analogy with acetone. Thus Glazebroock and
Pearson (29) have dedected radicals with the Paneth technique, and estimate

that the rate of mirror removal is 80% as fast as cbserved in acetone under
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similar conditiocns., Barak and Style (4) have found diacetyl in the
products at room temperature, indicating the oscurrence of reaction (b).
Ells and Noyes (18) confirm this, f£inding that the yield of dlacetyl is
equivalent to 11% of the 0O formed at 2537 A, while even at 1850 A its
contribution to the total gquantum yield is still about 5%.

Perhaps the strongest indirect evidence for radical mechesnisms comes
from studies of the hydrocarbons produced from methyl-ethyl ketone. If
one postulates a primary split direoctly into product molecules, one would
expect only propane and carbon monoxide to be formed, as in reaction (o):

m,c'dczn5 + hd  — oy c0 ceeeee (0).

Norrish and Appleyard (L47) found not only propane in the products, but

also ethane and butane, in approximately equal :proportions. Ethylene and
_ methane were also reported. Such results are immediately explicable on &
free radical interpretation, since at the temperature in use, §0°, most of
the acyl radicals would be largely deccmposed into methyl, ethyl and CO.
‘These radicals would then react as follows: |

oy + Oy - Oy ceees ()
T3+ O —* O veere (€)
CHy + Oy - —> CHy, ceeee (£)
CoH, + CgH, —» CjHg + CH, ceees (8)
CHy + CH300021i5 —> CH, + CH,COCH, ceees (h)
02‘*5 + c:‘rrz.c'oc:zu5 —» CH +l_CH}GO'Gth_ ceees (J)

When reactions (g), (h) and (j) are of little importence, one may
reascnably expect equal concentrations of methyl and ethyl radlcals, On
this basis, Moore and Taylor (42) estimate the relative probabilities
(reactions (a), (e) and (£) from caloulations of relative frequencies of

-Gollision, and deduce that the ratio of ethane:propane:butane in the




produots should be-1: 1.7: 0.83. They reinvestigated the photolysis to
check this point, and found the ratio varied from l: 1.6: 1.15 at 90° to
1: 1.55: 1 at 100° and 1: 0.88: 0.56 at 200°. One would not expect good
agreement with their calculation, since it assumes precisely equal
activation ensrgles for each of the reactions, and also appears to ignore
variations in collision diameters; nevertheless the agreeme.nt is
reasonable at 90°; and the temperature veriation is well explained on the
essumption that reaotions (h) and (J) have appreciable activation emergies.
Ells and Noyes (19) have made en interesting estimate of the relative
probabilities of reactions (&) and (b) from a comparison of the yields of
carbon monoxide observed from acetone, metmrl-ethyi ketone, and diethyl

ketone at 25°C. At 3130 1; thelr results were as follows:

Acetone | Méthyl-ethyl Di=ethyl |
Ketone Ketone
¢ CO at 10 mn. pressure 0.095 0.085 0.67
"o30 " " 0,095 0.11 0.98
w2 o 0.095 01z 0.98
" 36 v " 0.095 0.12 o 1.0%

The high value of @ CO for methyl ketone is attributable to a low degree
of stability of the propionyl radical, and indicates that even at 3130 A,
it is formed with sufficient excess energy to decompose spontaneously into
ethyl and CO. Assuming that this decomposition is 90% complete in the
case of propionyl, and 10% in the case of acetyl (in accord with the value
of §CO for acetone), also that the quantum efficiency of reaction (a) is
x. and of (b) is (1 - x), then § 00 from methyl-ethyl ketone will be
given by: |
dco = 9x

ol (l-x) = .8x + o1
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Taking a mean value of $CO = 0,12, they f£ind x = .25, indicating
that reaction (b) accounts for 9% of the overall primary process., One
may qnestion the acouracy of this estimate, not only because of the above
assumptions, but also because it places comsiderable weight on the
observed values of @ CO, values which the authors point out are very
approximate as they are based on the further approximation that the
absorption coefficient of methyl-ethyl ketone is the same as that of acetone.
Nevertheless the result is very probably qualitatively true, At shorter
wavelengths, the relative probabilities of reactions (a) and (b) would be
expected to become more nearly equal, since. the excess emergy available
would tend to over-ride small differences in bond stremgths, Ells and
Noyes' results at 1850 - 2000 i acocoxrd with this interpretation, for in
this region they found that § CO in methyl-athyl ketone was an appro:d;nate
mean of the corresponding quantities observed in acetone and diethyl ketome,.
Gorin (26) has also briefly studied the photolysis in the presence of
jodine at 70°, and found results very similar to those obtained with acetone. |
The yield of uncondensable .ge._ses was largely, but not entirely, quenched
in the presence of iodine, At 3130 A the yield of GO was about 4.9% that
of alkyl iodide; in unfiltered light this value rose to 7.5%. He did not
estimate absolute quantum yields, but he showed that, at egual pressures
and with wifiltered light, the yield of alkyl iodide from methyl-ethyl
ketone was 10% higher than from acetons. This result is compatible with
a quantum yield of about unity, sinee- the absorption coefficients of the
two ketones are also in approximately the same ratioy Gorin concludes
from the propane ylelds that some of the primary process must be
represented by a direct split into propane and CO; he estimates that this

accounts for &% of the yield at 3130 A, end 3 in unfiltered light. In

. _.. - ..



general, however, most of the photolysis must proceed by free radical
mechanisms, though his results were unable to distinguish between reactions
(a) and (D).

It would seem that the tracer technique'outlined above offers a direct
method of elucidating this point, for it should emable indspendent
estimations of methyl and ethyl iodides in the products, A study of methyl
ethyl ketone was chosen mainly as a proving ground for the method; it was
hoped later to exténd it to diethyl ketone with a view to determining the
activation energy of decomposition of the propionyl radical, However,
the results obtained did not conférm Gorin's conolusions, and the entire
investigation was confined to the two ketones; acetone and methyl-ethyl
ketone.

. SUMMARY

| The above considerationsmay be summariged as follows:

._Acetoné: (1) Considerations of the pi'odﬁcts of the direct photblysis are
practically all éxplieable on a free radical interpretation, in some cases
with quanti-tativo__preciipn.

(2) Ceitain of the results may also be explained on an activated
molecule mechanism, involving the direct formation of products without the
intervention of free radicals,

(3) Seme evidence has been presented in the banded region of
absorption which is explicable only in terms of the direct formation theory,
but this evidence is disputed, and has not been confirmed.

(4) Direct tests for free radicals have qualitatively proved
their existence during photolysis. .
(5) Quantitative determinations of radical ylelds have been

made with two methods, the results of one of which is quantitatively in
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accord with free radical meoMm at all wa;vel‘engths. The results of
the other method have hot been conﬁ.rmed, but they are directly opposed
to radical interpretations, and #ppear to indicate a direét fomat:l‘on
mechaniom even in the region of continuous absqi'ptidn.

(6) Spectroscopic studies, fluorescence date , and certain other
pregsure dependent results indicate the existence of exoited molecules
during photolysis, but give no quantitative infomation on the ultimate fate
of such entities. |

Methyl-ethyl ketone:

(1) A1l the evidence evailable may be explained on a
pz'edominéntiy' free radical basis, at all wavelengths.

(é) Two primary reactions are suggested for the formation of
radicals. The evidénce available does not permit a direct evaluation of
their relative preponderence, though this has been indirectly assessed
under de_rta_in. conditions. |

| (3) 'Praoticélly no evidence is awvailable on the possi_ble

contribution of excited molecules to the overall mechanism.




II RADIOOHEI‘E(;AL TECHIIQUE

(a) PREPARATION OF RADIOSOTTVE IGDINE
Cholce of Isotope

The 8 day isotope, 1151, was selected for the work since it has a
convenient half life, and emits p radiation of 0.6 m.e.v., sufficiently
energetic for satisfactory measurement with the normal type of s counting
apparatus, This isotope is now available in carrier free form from the
AE.R.A, at Harwell, where it is prodused by the (7,¥ ) reaction am TelC,
It was found more ecomomical for present purposes to extract the isotope

from the products of the slow neutron induced fission reaction on

Ura:a:l.um23 5 :
*P(n.g) > ' 30 nowrs, 7'’ - 25 mine., - P
. I;Tu - ﬂ." . .

A number of other iodine isotopes are also produced, in partiocular

1152 and IM3 , but most of these are readily eliminated since they have

' 132

comperatively short half lives, I °° arises from the reactions:

132

v235(n.2) > sb 132

2 mins, ~ Te - 71 .kirs, 1

p- p-
Since its immediate precurser has a 77 hour half life, some 11} 2

132

always
accompanies the iodine products, and in faot the total Y activity of the

iodine extract follows the 2.4 hour half life of I--2

fairly closely for
some hours, This energetioc ¥ activity (1.0 and 0.6 m.e.v.) acts as a
readily detectable indicator during extraction procedure, and is finally
removed by storing overnight, by when it has decayed to negligible
proportions.

Todine 2> has & half life of 22 hours and emlts & strong o
(1.3 m.e.v.) and ¥ (0.55 m.e.v.) radiation. It is formed with a yleld

131

initially comparable to that of I"“, by the following reactions ;
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0*5(n,2,) —> sb-° 10min., 7>’  6Omin, I'
. —a y
131

Mixtures of I'>F with I (or any other iodine isotope). would be
permissible for the present work, since only comparative activity
measurements are required., Nevertheless, the presence of two A activities
of very different energy and half life introduces awkward corrections for
self absorption, end it was deemed desirable to remove this I'>° sotivity
by storing the irradiated ura.nium for one week prior to extraotion; at

131 o otivity.

the cost of some 50% of the desix;ed I
Extraot:lon Procedure ;

Sufficient iodine activity for about e month's experiments was
obtained by the following routine:

(1) 25 gm. of UQ, were irradiated in the A.E.R.E, pile for ome

3
fortnight, stored for one week, and then treated as follows:

(2) The U0, was placed in an all glass distillation apparatus, to which
was added the required quentity of lodine carrier. Normally some 50 to
100 mg.of I, was added as Nal solution, in addition a few mg. of KBr were
used a8 hold back carrier for any small amounts of bromine activity. The
mixture was heated with 100cc. of 2N. HS0, until it had dissolved, when
the iodide was oxidised to lodine by dissolved uranyl salts. Some time
was allowed to complete exchange as far as possible between the active
iodine in its various exldation states and the carrier, then the iodine was
distilled into a KOH solution,

(3) The iodide mo extracted was oxidised to elementary I, with NeNO,
and dilute sto , 8gain adding a 1little more KBr as hold back carrier.
Such mild oxidation oxidises iodide but not bromide. The iodine was
extracted with ether, washed, reduced again to iodide with the minimum

quantity of N32805 solution, and separated from the ether, This cycle of







oxidation and reduction was twice repeated to improve the purity of the
produot,

(4) Finally the iodine was precipitated from iodide solution as PdI,
by treatment with very slightly acidic (HCl) palladous chloride, after
prolonged boiling to expel excess sulphite and ether residues,

(5) Continued heating caused the PaI, to agglomerate and settle, when
it was washed, centrifuged, and ultimately decomposed to elementary iodine
in the apparatus sketched in figure I. The P612 was suspended in water,
and dropped into "A", which was then sealed off, and the whole system was
wermed under high vaouum until all water and gas was removed., Heating "A"

to 400°C caused the P612 to decompose into I2 end Pd. The I, was sublimed

2
into "B" at liquid nitrogen temperature through a glass wool plug at "P" to
hold back flakes of palladium. The constrictions at "E" and "P" were
sealed off, "D" was cooled in liquid nitrogen and finally the I, was
sublimed into the fine glass capilliary "C", all the while ke_eping the tap
open to the vacuum line., By such means, the iodine could be made to settle
as desired in a short length of the capilliary, a procedure which was found
well nigh impossible without continued evacuation of the capilliary, owing
to persistent clogging. The capilliary was sealed off at each end and
removed; while any small amount of 12 in the trap "D" was collected by
sealing off the constriction "G".

(6) The iodine was subdivided by judicious sublimation into short
lengths of the capilliary, each of which was sealed off when filled with
the desired amount, Amounts were assessed solely from their b § aét:l.v:l.ty
relative to that of a small portion initially sealed off and used as a
standard, A second small portion containing some 3 mg. of I, was also

sealed off and used for B specific activity determinations, again after
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measuring its Y aotivity relative to that of the standerd, This sample
was then i:roken under Nal solution, its iodine content was eastimated by
titration with thiosulphate, and the titrated solution was precipitated as
silver iodide, Small aliquots of this silver ilodide were used for /*
activity measurements, retaining one such aliguot as a reference standard
for subsequent iodine determinations. In this way both the ¥ and g8
activity associated with a known amount of iodine could be determined.
Yield

'i'he average yield obtained was about 10mec.,or 100me per milligram of
I, at the time of extraction. Only 70% of the iodine originally added as
carrier was recovered, the loss is almost certainly in stage (2) above,
possibly due to iodate formation. All other stages were found to give
nearly 100% yields of iodine, though the transfer of activity in the first
oxidation and reduction oyole was by no means so quantitative. In some
cases 25% of the ¥ activity would remain in the ether layer after comglete
reduction of iodine, suggesting the pressure of active isotopes of other
elements. In later extraotions 100mg of telluric acid was added to the
UO-3 as hold back carrier for possible Te isotopes, resulting in almost
complete elimination of such effects.
Purity of Produot

The chemical purity of such a product can scarcely be questioned., 1Its
“"isotopioc" purity was proved by prolonged measurements of half life; in all '
inves#pigated cases this was found to be 7.9t 0.5 days over the maximum
period of measurement (about 60 days).

" Protection from Irradiation

This was of importance mainly during stages (1) and (2), which were

performed in a fume oupboard behind HSom, lead blocks, Such lead walls
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were dispensed with for subsequent work, but rubber gloves and fume
cupboards were used until the final high vaouum stage, which was performed
in the open laboi-atory. No serious hagard was encountered, as shown by
monitoring tests with a radiation rate meter during extraction, and by
periodic checks with "pocket" type lonization chambers,

(b) MEASUREMENT OF ACTIVITY

Type of Counter

An end window type Geiger Muller -counter was used for p activity
measurements., Initiel measurements were made with a oounter preparsd in
the laboratory. This counter was of the bell jar type, approximately
2cm. diameter x 6cm. high, with a thin mica window waxed onto the base.

It was filled with lem. of ethanol and 9cm. of argon, and maintained a
reasonable working plateau with a slope of %% per 100 volts, Most of the
later measurements employed a G.E.C. type II counter of similar dimensions,
with a window 20mg/cm2. The counter was housed in the customary "castle"”
with 4om lead walls, lined with aluminium, thereby reduoing background
counts to about 12 per minute, _ _

Electronic equipment was obtained from the Atémic Energy Research
Establishment. Pulses from th_é GM counter were fed into a pre-amplifier
type X200, and thence to a scaler type 200 for recording purpoées. A
type 1007 stabilised high voltage unit was conneoted to a potentiometer
(type 1007) and ddjusted to give the desired voltage for the G.M. tube,
Normally the counter was run at the centre of its plateau or 100 volts
about starting point; it was found that the precise voltage required
varied with age of the tube, temperature, and apparently also with duration

of use during each day's meaéunements.
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All B activity measurements were made on silver iodide sources,

These were prepared by evenly depositing a.suspension of the silver iodide
in acetone on standard silver trays 2cm, diameter, and 200'mg/cm2
thickness,

The acetone was evaporated off with the aid of a radiant heatef,
leaving an approximately even layer of Agl in the tray. These trays were
mounted in one of 5 standard positions directly below the G.M. counter,
on a thick aluminium support, Absolute measurements were never required;
accordingly silver trays and aluminium support were made sufficiently thick
to obtain a constant "saturation" backscattered radiation rather than
attempting to minimise such effects. The topmost position was 2,5cm
below the counter window, the radiating grea.wag_approximately qual'to_ _
that of the counter window, and in this normally used position the counter
had an efficiency of about 2%

Positioning errors were in general less than those due to statistical
deviations in counting rates and were proba.bly-less then 1%,

Y Activity comparisons were normally required on thin capillaries
containing variable amounts of iodine., These were mounted in a glass tube
of 1,5mm, wall thickness, at 30 to 60cm., from the counter, and were
further screened by an aluminium absorber of 500 mg/cm?. This completely
eliminatedpradiation, and reduced variable self absorption effects to
practically zero, Portions of the source could be almost entirely
screened when required, with the use of 5cm, lead blocks,

Corrections
Apart from the normal procedure of.deducting the background counting

rate, to arrive at the activities due to the source, the following




corrections and precautions were applied:

(1) p ectivities were measured relative to that of a reference
standard, also of silver iodide, aé menticned on page 35 . To correct for
variable effiociency effects, and also for the very small decay rate of

the 1171

itself (about 3 per 8 hours), frequent measurements of this '
standard were interposed between sa.niple measurements at about half hourly
intervals,

(2) self absorption corrections were by far the most important. An
empirical correction curve was obtained by plotting on ‘semi logarithimio

paper the activity observed from a given source, expressed in counts per

" minute per gram of silver iodide, against the weight of silver iodide in

the tray., Such a graph appeared as a fairly straight line up to 150mg.
with a self absorption half thickness of 200mg., or 63.% mg/cm?“. The
éhount of Agl normally ﬁéed was 100 mg. and the correction curve was

finally adjusted so that the correction factor for such an amount was unity.

Corrections for other qmnﬁities varled from  - 1 for 50mg. to 1
) 1.19 0.84

for 150mg, these being -the 'mam.dev_iations allowed,

(3) Correction for losses due to the resolving time of the counting
cirouit were ininimised by keeping the counting rate below a maximum of
10,000 counts per minute, This was achieved by using one of the lower
positions for the source where necessary, Normally sample and reference
standard were measured in the same position; when this was not
practicable a predetermined efficiency ratio,was used to correct the .
readings, Small corrections for counting rates up to 10,000cm. were
made using the equation:-

n, = n;(1+nt)
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where n, = true counting rate, correoted for resolving time losses,
ngo = observed counting rate
t = resolving time of the circuit = 300 & sec.
Such a correction is equivalent to 0.9% per 1,000 counts per minute,
and does not exceed 5% at the maximum rate. permitted,

(&) Errors due to statistical variation in counting rate were in general
kept below 2% by prolonging the ti:lne of ocounting where necessary. Normally
five to ten thqusa.nﬂ counts were recorded on each sample; very low
activities of the opder of the background count rate were counted for one

or two hours, but these were not treated as quantitatively reliable.

(o) EXPERIMENTS ON THE VALIDITY OF THE TRACER TECHNIQUB |

The proposed pmoqdure for analysing the products of the pho_t&lysis'
may be outlined as follows:

(1) A mixture of ketone at 50mmn. pressure, and radioaotive iodine
at lmm. pressure is photolysed.for the de_sired_t:lme.

(2) Condensible reaction produocts, 'OHBI’ 92H5_I. " |GH'BGOI,_ 02115 ’
excess lodine, and ketone are frozen out in a liquid nitrogen trap during
analysis for uncondensible gases, | .

(3) The iodide products are distilled into a receiver, then diluted
with a mixture of known amounts of inactive carrier iodides,

(4) From the above diluted mixture, a pure sample of each iocdide is
obtained by fractional distillation.

(5) The separated samples are treated with silver nitrate, converting
the iodide to silver iodide.

(6) Thé activity per gram of silver iodide associated with each of the
products is measured and compared with a x.'eferenoe standard, thus enabling
determination of yield.



Such a determination assumes that the activity associated with any
given separated product, e.g., methyl iodide, arises solely from the active
moethyl iodide formed during photolysis. It is possible that inactive
methyl io&ide carrier could equire activity from other socurces however,
such sources being exchange reactions either (a) with the other active
iodides, or (b) with unused active iod.:l.ne remaining in the products.
These reactions may be represented thus:

(&) BT + itzx" —  RT + RJI
(® BRI + I; = BRI+ I,

If type (a) reactions ocour at all, they would presumably require the
intermediate formation of an iodine atom or ifém. Previous workers have
_shown that non-ionizing alkyl halides do not normally undergo thermal
exchange at appreciable rates, either with f'x"ee haidge;z;s, or halide ions.
Thus Sgzilard and Chalmers (64) were able to separate concentrated
radicactive silver halides from a large bulk of neutron :I.rradiafed ethg.rl
lodide; MaKay (40) found no exchange between methyl iodide and iodine at
100° in 15 minutes; and Hull, Shiflet, and Lind (33) found similar results
with ethyl iodide and iodine. The above determination would involve the
presexice of ketones however, and such solvents as acetone and alcohol
promote exchange considerably, McKay (40) reports complete exchange
between methyl iodide and iodine in alcohol at 100° in a few minutes, and
numerous workers have observed exchange in sodium ilodide-methyl iodide
systems in such solvents,the reaction being partiocularly rapid in dry
acetone, _

Obviously the validity of the proposed methold is very critically
dependent on the absence of such exchanges, since quantities of the order

of a few microgramms of produot are anticipated in the presence of some



milligrams of iodine. For this reascn a series of experiments was
carried out to 1nvest:|;gate such effeots.
TYPE (a) EXOHANGE REACTIONS

Active ethyl iodide v.va.s prepared by reacting diluted radioactive

iodine with ethanol in the presence of red phosphorus; the product was
dried and fractionally distilled. Mixtures of 3cc. of this active ethyl
iodide with similar quantities of other components were made up, allowed
to react, and finally separated by fractional distillation in a small
fractionating colum. This column had the dimensions 20 an. x 1.6 cm.,,

it was eleotrically heated, and packed with small glass helices. A
reflux ratio of 2:1 was maintained during distillation, but no attempt at
acourate control was made, since the .bo:l.ling points of the components used
differed by some 30°. Distillateé was collected at 2-jcc. per hour in
successive 0,3co.portions., Trial distillations showed that the separation
was satisfactory; about 2cc.of the original 3coc.portions would come over
at the corresponding boiling point', ax_zd subsequent bo:lling point
detennitmtioné on separate fractions coﬁiﬁed their purity. The
separated fractions were prepared for activity &teMtimé firstly by
removel of iodine (if present) by washing with agueous Na,S0,.  Conversion
to silver iodide was effected by warming with alcoholic silver nitrate in
a centrifuge tube, followed by centrifugation, warming in water, and
finally washing in acetone. Ultimately, weighed samples of the silver

iodide were deposited .on silver trays for activity measurements.



The results of two typical experiments are set out below:
TABLE I: EXCHANGE EXPHRIMENTS ON AYKYL IODIDE-ACETONE MIXPURKS

Experiment Activity observed in various fractions, corrected for self
No. absorption, and expressed in counts per minute per gram of
silver iodide.

- Methyl iodid; “ ﬁecovered ethyl :I.od'lda Initie.l etlwi
iodide
(1) 38 2790 2820
6 | 2790 2830
| 2810
(2) 26 _ 1780 1750

The sensitivity of these initial experiments was somewhat limited by
the low specific activity of the ethyl lodide used. Thus the actual
counts observed on methyl iodide specimens were less than 5 cpm, above a
background of 20 cpm,, and are probably not significant. Even so, they
~are equivalent to only about 1% of the activity found in the recovered ethyl
iodide fractions, and the specific activity of the recovered ethyl iodide
is in good agreement with that of _the' starting material, Subsequent
results on actual runs have confirmed this, since in certain cases the
aotivity observed in ethyl iodide fractions was only 10 to 20opm., compared
to some 3000cpm., on similar quantities of methyl iodide specimens,

TYPE (b) EXCHANGE REACTIONS

Several experiments were made on mixtures of active iodine with methyl
and ethyl iodides, The active lodine was prepared by deccmposing active
palladous iodide at atmospheric pressure in a long open test tube, after-.
wards taking up the iodine in an ether solution, ITodine was obtained as
required from this solution, aliquots of which were mixed with methyl and
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ethyl iodides. After reaotion, the iodine was removed by washing with
sulphite, and the activity in the alkyl iodide was determingd in the usual
way. -

It was found lmpossible to recover alkyl iodide from such mixtures in
a completely inactive form. The degree of retention of activity varied
from one to ten per cent of the active iodine used, equivalent in weight
to 10 to 100my of iodine, ‘The results were not appreciably altered by:

(a) Time of storing the mixture before separation.

(v) Diiuting ‘the initil;.l active iodine solution with a.n éxcess of
inactive iodine,

(o) Substituting alkyl bromide for alkyl iodide.

(d) Repeated washing of the séparated alkyl iodide with sulphite,
inactive lodine, and then sulphite again,

(e) Exhaustive purification of both alkyl iodide and ether, including
pretreatment with inactive iodine to eliminate any unsaeturated components.

(£) Use of 1128 prepared from neutron irraéiated jodo .be,:_:ze_ne, instead
of 1131. : |

Partioculerly in view of (a), (b) and (o), the results cannot be
attributated to a true exchenge reaction, The retention effect was
however very considerably reduced by careful removal of ether from the
lodine solution, prior to adding the alkyl iodide. This was achieved by
pumping off the ether under vacuum, keeping the iodine tube at ~15°. Some
(10%) loss of iodine resulted, but on adding alkyl iodide to the residue,
it could be recovered from it in a state of almost complete inactivity.

These curious results wers attributed finelly to the method of
preparing the active iodine, Palladous lodide is difficult to handle in

amall quantities, in that it resists agglomeration and will not easily



settle in a cemtifuge tube. To overccme this, acetcne was added as a
settling agent, and it appe.ars that some of this acetone remained aPsorbed
on the palladous odide wtil the time of its thermal deccmposition. Under
such conditions, it.1is possible that the acetone would ra_act'with the
evolved iodine, forming radicactive products such as iodo acetone or methyl
iodide, These produots would then t;é taken up in any orgenic solvent
which may be added subsequently, and would lead to Jjust those results
desoribed above, All subseMt preparations have avoided the use of
organic reagents at any stage, and the iodine prepared in this way gave
perfectly satlsfactory results .'

Exchange reactions bet\veen iodine and alkyl iodidés would eppear to be
negligible, for present purposes., However, mixtures of ketones and iodine
will react in the liquid state, by way of tho encl form of the ketons,
forming prociucts such as iodo acetone. A qualitative experiment showed,
indsed, that active lodine in acetone imparts a significant activity to
methyl iodide, after standing the mixture for two hours at rocm temperature.
In view of this, it would seem desirable to reduce to a minimum the time
during which the reactants remain admixed in the liguid state, and also to
remove excess lodine before adding carrier iodides. -

Iodine may be eas:‘;.ly removed by distilling the products over mercury,
but some experiments of Dr., R. W. Durham in this labo!'atoi'y have shown that
mercuric iodide catalyses and in fact initiates exchange reacotions gquite
dgnificantly, It has been found that iodine may also be removed by
distilling the produots through a glass wool trap at -30°, or by distillation
over silver powder. These teom:k.;ues will be described in later chapters,
but it may be stated here that blank experiments in the absence of photolysis

have proved the validity of the method beyond any reasonable doubt.,



It is of interest that publications have a.ppea:ned' in recent
literature in which essentially the same technique of isotope dilution has
been used, Thus Williams and Hamill (70) have used active iodine to
investigato the radiolysis of hydrocarbons,and Friedman end Libby (24)
have used a similar dilution technique in investiga'pions on the chemical
form in which "hot" atoms are produced in organic bromides exposed to
ionizing radiations.



III PHOTOCHEMIOAL TECHNIQUE
() PREPARATION OF MATHRIALS
(1) Methyl-ethyl ketone
The best quality of this ketone available v;as ordinary technical grade.

An attempt at purification by means of the bisulphite addition compound was
made, but it was finally rejected in favour of repeated fractional
distillation. The bisulphite compound requires considerable washing to
remove abscrbed impurities; this washing must be carried out with an
organic solvent such as eti;er or methanol, and since it is virtually
impossible to remove the last traces of this wash liquid, the requirements
for its purity became almost as stringent as those for the purity of the
final produot. Further, the fact that this ketone forms an aseotropic
mixture with water raises diffioulties in the separation of the regez_;ex_‘a_ted.'
ketone,

An initially large quantity of crude ketone was fractionally distilled
three times in an all glass fraotiomating appmtus, using a helix packed
colum 50cm x 1.8cm, and maintaining a reflux ratio of 10 : 1. The
colum was maintained at é' below the temperature of the vapour at the
point of removal fram the apparatus, | Temperatures were read on a standard
N.P.L. thermometer introduced by means of a ground joint. The middlg
third of the distillate was used for subsequent fractions, though after
the first distillation practically all the distillate came over at
temperatures and pressures in excellent agreement with the .figures given
by Felsing, Shofner and Garloch (22), equivalent to 79.56°C at 760mm. The
final product was dx;:i.ed over Mgsoh_, subsequently degassed, and vacuum

distilled into a reservoir where it was kept permanently under vacuum,
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(2) Aliyl iodides
' Methyl and ethyl iodides of chem:l.call_y pure guality were dried over
Mgcloh_, then fractionally distilled in the small column Qescribe&
previously. The resulting clear, clean boiling liquids were stored in
light proof glass stoppered bottles.

As 18 perhaps customary in such work, no single apparatus or technique
was adopted throughout, rather were modifications made as the work °
progressed., In this section the initial technique will be d.iscus;'ed,
modifications will be desoribed in later sections as they were introduced,
(1) Reaction vessel and method of f£illing

Figure II represents the apparatus schematically. The quartz reaction
vessel of 320cc. volume was connected to the pyrex filling system with a
graded seal, The reservoir B cmmned methyl—etﬁyl ketone; _ it was
normally kept cooled in dry 1oe,_ and was repeétedly dage;ésed before each
experiment, Prior to filling operations the system was evacuated and
degassed with a two stage meroury diffusion pump giving pressures less
than 10'5mm of Hg. The constrioction R was then sealed oﬁ'-, and ketone
was admitted to the desired pressure, with the reaction vessel immersed
in a water bath at 20°, Predetermined volums calibrations enabled
estimation of the final pressure of ketone during photolysis from the
pressure observed at this stage; the volume of the tubing etc,, was kept
nearly constant, but any small variations were neglected, since they would
represent less than 1% of the total volume, The ketone was then
condensed in the base of the reaction vessel by immersing it in liquid
nitrogen; the constriotion Q was sealed off and lodine was released by
breaking the small capillary with the aid of the iron cored plunger. The






iodine then sublimed into the reaction vessel, and was kept as far from

the condemsed ketone as possible by raising the level of the liguid nitrogen.
Finally the constriction P was sealed off, the reaction vessel was wiped
clean, and transferred to a preheated furnace in the irradiation apparatus,
(2) Irradiation Apparatus

A dlagram of the apperatus is given in figure III. For 2537 A
irradlation, a water codled, low pressure mercury lamp as desoribed by
Melville (47) was used, This was run at 500 volts and 120 m.a, from a
1000 V. transformer, powered directly from the A.C. mains, It was
manually controlled at comstant ourrent with the aid of a variable
resistence in the primary cirocuit. No attempt at improving the isolation
of the 2537 A line was made, sinoe the makers of the lamp, Messrs. Thermal
Syndicate Ltd., quote figures which indicate that 997 of the ultra violet .
oufput ocours at the required resonance line, The lamp was set up in the
position shown, and by suitable clamps and spring clips the position of
the reaction vessél was maintained constant with respect to it, When the
. shutter was raised, radlation from one limb of the inverted U shaped lamp
entered the vessel through a perforated screen )thus reducing the intensity
to practical limits. The furnace was electrically heated, and manually
controlled to within £ I or 2’ during & run,

3130 5. irrﬁd:l.ation was obtained from a 125 watt medium pressure "QOsira"
meroury lamp, run off the A.C., mains with a choke and resistance., This
resistance was manually adjusted during irradiation to maintain constant
running at 0,80 amp. The lamp consists simply in two electrodes sealed
into a spherical silica bulb, containing a drop of mercury. Normally the
lamp is supplied with a Woods' glass filter; this absorbs all the visible

output, but also a good deal of U-V; it was removed without impairing the
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running of the lamp,

The beam of/irédiation was roughly oollimated with a 250cc,
spherical quarts flask, filled with an aqueous filter solution. The
filtration system for isolating the 3130 A line from the extremely
polychromatic output of the lamp was as recommended by Bowen (9), using
however only half the Ng_sou concentration he advises, after consideration
of more recent figures given by Davis and Hunt (14), The system was as
follows:

(a) Visible radiation was removed in the quartz collimating flask of
mesn path length 7.5am, filled with a solution of AR. quality NiSO,
.67 H20 at 90 g./1. and A.R. quality CoCl, .6H20 at 47.6 g./1.

(b) Ultraviolet radiation of wavelengths shorter than 2900 A was
removed in the lem guartz_wa.lled filter, fillcd with.‘ potassium hydrogen
phthalate at 5g./1. This solution was renewed before each run, and
fresh stock was made up at frequent intervals, as it showed a tendency
to grow mould. -

Before irradiation, the furnace was brought up to temperature, and
the lamp was run until steady conditions were maintained. The reaction
vessel was then placed :l.n.position with the shutter closed, half an hour
was allowed for its ocontents to reach furnace temperature, and the shutter
was finally opened for tl;s desired period.

(3)
(a) Gas Anslysis

{\fter irradiation, the reaction vessel was removed from the furnace
and commected to the analysis s&stem with a greased ground joint, in the
position shown in figure IV, Immediately, condensible products were

frozen out by cooling the base of the reaction vessel in 1liquid nitrogen.



The system was then evacuated, end with Ty closed, the tubing leading to
the gas analysis system was thoroughly degessed with the aid of the
toepler pump P,. The break seal X was broken, and uncondensed gases in
the reaction vessel were quantitatively collected with some 30 strokes of
Pl, and ﬂnally compressed into the graduated capillary H for measurement
of volume and pressure,

For runs involving ketone aloﬁe, a test for quantitative removal of
gas was made by warming and refreezing the ketone; in other cases this
was not normally a.ttempted for fear of losing alkyl iodides and other
products in the process, e.g. by absorption on tap grease, In all cases,
however, 30 to 4O strokes of Pl appeared perfeotly adequate,

Having ocolleoted these gases, '1'1 and Tz were closed and the measured
gas was transferred to the iodinc pentoxide tube with 6 strokes of the
second toeplar pump, Pz. The 1205 tube was immersed in a glycerol bath

eleotrically heated to 130-160°; at this temperature I,0. quantitatively

20'5
oxddises 0O to 002, but leaves Ky, GH‘._, and all other hydrocarbons
unoxidised (26,67). Thé trap K and sometimes J were cooled in liquid
nitrogen to condense 002 as formed, and at hourly intervals the amount
of residual gas was measured in H with the aid of pump Py again. This
process was repeated until two readings of the residual gas agreed, Yields .
o:é CO were then estimated from the deocrease in total gas after completion
of the 1205 reaction; the residue was not analysed, but for present
purposes it may be taken as almost entirely methane, |
Performance

After some weeks of use and continuous evacuation, the 1205 reacted
quantitatively in an hourar two, but in any case where air was adtp:l.tteﬂ to

the system - even if followed by immediate re-evaecuation - the reaction
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was most sluggish, requiring possibly 24 hours for completion. Normally
the apparatus was kept permanently evacuated and under such conditions

it gave entirely satisfactory results. On "blank" experiments, the gas
extracted from the hot 1205 tube averaged about 8 x lo-logn. mole, per

hour; whether this was due to thermal decomposition of the I or small

205
leaks from taps was not investigated, This a yield of 1 x lo-sgm. mole,
of CO. could be estimated with about 5% accuraocy; yields normally
obtained on calibration runs (to be described later) averaged 5 x 10-6gm.
mole., and were probably subject to less than ,1% error. Prolonged

(24 hours) exposure of the residual gases to the hot 1,05 tube caused no ¥
significant decrease in volume, so that the specific nature of the reaction
for CO appears to be confirmed, Saunders and Taylor (56) have shown
that this method is entirely consistent with others for the estimation
of CO.

(b) Iodide Analysis

The reaction vessel was warmed to room temperature, allowing
volatile products to distil through the KCH tube, containing about 10
pellets of KOH freshly introduced before each run, and thence through
the glass wool trap A, cooled to - 30°C, into B,cooled in liquid nitrogen.
The time of d:l.stillation was normally one minute longer than that required
for complete distillation of the methyl-ethyl ketone, Under these
conditions distillation of CH.I and 02H

3
of HI and probably most of the CH

5I is camplete, while any traces
BGOI are absorbed on the KGH, The glass

wool trap at - 30° kept back nearly all the unused iodine, but occasionally
a little would collect in B. Distillation was stopped by sealing off the
‘constrioction L. 0.50cc of methyl iodide, and the same amount of ethyl

iodide were placed in D, a'.nd degassed; these carriers were then distilled



- Activitx-'ﬁea.‘surements-on 1 -product of

CLABLE I

experiment (13).

Sample ‘| | Wt. of resultant Net count Count rate Count rate | Specific Activity
of np AgI used for rate on Agl per gm, Agl of stendard of sample in lean specif‘icﬂ,-
alkyl activity measurements sample (corrected for B L  standard units activity
iodide, ' - (counts per self absorptlon) ' per gm, .AgI.
_ minute) . _
Ethyl . S - .
Iodide (1)[72.4° 1246 gm, 1,148 c.p.m. 10,120 cpm/gm. 12,450 c.p.m, 8L 8.u/gm
(2) |72.4° 1100 " 1,080 10,180 © 12,600 " 808
] " .0870 1,000 " 10,920 12,600 " 867 v
(3) 7240 . 1235 v | 1,085 9,750 " 12,300 792 v .82 8.u/gm,
NEIRLE 1332 0 1,175 © 9,900 12,450 ™ 9%
() |72.60 | . .m0 o 1,330 - 10,800 12,450 ® 868 -
KOOI ,0995 * 1,03 - 10,380 12,600 " .823
Methyl | O - o |
| Todide (1)[|n2.4° | 1625 " 68 525 12,250 0429
(1) v .2935 " 68 178 11,050 - JO33
- (2) jp2.5° 1295 - ¢ 65 551 12,500 OuLT7 Uk 8.u/gm, |
@) ,1226 56.5 502 - - 11,560 043
- (3) [s2.7° 1517 7 565 12,000 0470
[O1EE .1706 6l 481 10,600

* 7o obviate large corrections. forresolving time losses, ‘standard X" was measured in a position of lower efficienty than

was used for other samples, at a mean rate of 3,800 c.p.m.

multiply:.ng the observed count rate by a pre-detemined eff:.c:.ency ratio of 3,35,

The figures given in this column were obtained by
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into B which was ultimately warmed to -30°C, and its contents were
distilled through the second glass wool trap C, also at - 30°, into D at
liquid nitrogen temperature, All traces of residual iodine were thereby
remclwed.; probably some of the relatively involatile acetyl iodj,xé was
also retained. A third glass wool trap E was included in case any iodine
still remained in D; in every case however, the product in D was
colourless, This product was warmed to room temperature, further diluted
with 2,50c more of each carrier, then fractionated into its components

as described above. 2cc. of toiﬁene (B.P.110°) and 0.500. of methylene
iodide (B.P:180°) were added as hold back carriers for any traces of
acetyl iodide (B.P.105°) and iodo acetone (B.P. ) 200°) which may have
eacaped the above treatment, The separated fractions, generally three -
of eq.ch iodide, each of approximately 0.3 to 0.5¢6. volume, were finally
converted to silver iodide and prepared for activity determination as
described in previous sections.

Calculations of ylelds from activity determinations

The method of estimating absolute yields from activity determinations
will be illustrated with the results of an actual run. The following
observations were recorded in experiment (13),in the first series of

experiments on methyl-ethyl ketone at 3130 A.

(1) Estimation of specific activity of the iodine
A capillary of active iodine was broken uﬁder KI solution.
Iodine content of capillary, determined by titration
against N/200 1\1».23203 | .. - . 3.00 mg.
Tultul weighi of &I eyuivaient to the xi soltn.
determined (a) by gravimetric analysis of two aliquots

_ 3052 en,
(_'b) by calculation from the known weight of K]_..

52 .:‘!
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Weight of resultant AgIl sample in counting tray X",
selected as a mean standard from 4 similar samples ee 0,1229 g.
Self absorption correction for this weight of AgI ¢ 1/0.920
Hence, expressing the counting rate from sample "X" as 1 standard unit
- (1 s.u,) the specific activity, S, of the original iodine will be given

by:

1l s.u. 352 1
—0.—..—9—2—- x -—.1%29 X W S.Vmg. 12

10.40 s.u./mg, I, = 1320x 106 s.u,/ equivalent of I.

(2) Activity of separated products

The measurements are set out in table If. From these results, the
absolute ylelds are deduced as followss
Weight of ethyl iodide carrier used .. L.542 g.

= 5.8408. ASIO
] " methyl " " " e 3,302 g. = 5-#7080 "

Mean specific activity of AgI pr,:eéipitated'

from ethyl lodide e e .+« 20,824 s.u./g. Agl.
Mean specific activity of Agl precipitated

from methyl icdide e er =0.044ds: 8.u./g. Agl.
Yield of ethyl iodide = 0.824R x 6.840

3 equivalents,
1.320 x 10

.27 x 10.6gm.mole. 021{51

Yield of methyl iodide= 0.0khk x 5.470
1.320 x 10°

= 1,84 x 10 gm, mole CH.I.

3=
An estimate of the accuracy in activity determinations may also be

obtained from the data in table I{. The degree of reproducibility is
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probably L g7 in this instance, though scmewhat more inaccurate from
methyl iodide counts. In later experiments, iodine of higher speoifioc
activity was available, particularly after the availability of the new
high power pile at Harwell, This increased the accuracy on all yields,

8o that the error in activity determination was not more than f 3 to 4% on
nearly all samples,
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IV _INITIAL STUDIES ON METHYL ETHYI, KETONE

This initial work was directed primarily at a determination of the
ratio of ethyl to methyl radicals produced during photolysi, and hence
the relative preponderence of the two reactions: '

CH, + 01,00 (a)
coc Yy 7 ’
G000 + WY
02H5 + 0H300 (v)
Detezmimt:l.t‘m of quantum yields

Estimates of the quanta absorbed during sn experiment were made by
measuring the yield of CO prod\;oed in separate calibration runs during
photolysis of the ketone alone. The assumption was made that dco is
unity in the direct photolysis at temperatures over 100°, both at 2537 4,
and 3130 A, This point has not been investigated in any of the literature
so far published, nevertheless it appears very reasonable from the
following _con_s:i.dezfations:

(1) Néyeé et al have repeatedly verified that §co tends to unity im
the acetone photolysis at temperatures above 100°,

'(2) There is no indication of any chain reaotion in the photolysis of
ace_tons'; methyl .ethyl _1':e.to,ne , or di-ethyl ketone at any temperature, so
that a valus of $ co greater then one 1s most improbable,

(3) The work of Ells and Noyes shows that cd in methyl-ethyl ketone
at 3130 A s slightly above the value observed in acetone at room
. temperature; in diethyl ketone the wvalue is h:l.éher still and approached .7
at 25°, Thus one would expeot the trend towards unity to occur at
temperatures at least as low as in the acetone photolysis, and probably
lower,

On the above assumption, the number of quanta absorbed during an .



experimental run may be expressed by the equation:
s \(I (
B = No. of einsteins absorbed = M ( exp.\( ° e;p) 1~ exp. }

(*om ) (% a1, ) (120762 0;1)

where M = gm,moles, of CO produced in calibration rum,

10-6 cd

N

1;e:r.p = -duration of experimental run,

tal = " W galibration "

Io exp = incident intensity in experimental run.
Io cal = " " " calibration "

€ = molecular absorption coefficient of the ketone,

¢ = concentration of ketone in gm.moles./litre.

4 = mean path length of irradiation in reaction vessel.
Sinc.e iodine does not absorb to any significant extent at wavelengths
shorter than l..OOOOI OA, the final term in the above aquation ¢an be.
adjusted to unity by using the same concentration of gas in experimental
and calibx"ation runs, This was the general procedure; where nccessary
corrections for. emall pressure differences were made with the above
equation, using the values € =-‘;'».'80 at 3130 i, and 11,0 at 2537 1.
These values have been derived from figures given by Damon and Daniels
(11) for acetone, and by F.0. Rice (53) for acetone and certein other
iustones. They.-are only approximate, but the correction is insensitive
to the absolute valuez of € . 1In fact, the absorption correction is
small; it is less than linearly dependent on pressure under most normal
conditions where some 30%01’ the incident light is absorbed.

Agein, by using identical values of It and C, in experimental
and calibration runs, the no. of einsteins absorbed is given simply by
M, and the quentum yield of any product, e.g., MeI, is then y/M where y
is the yield of MeI in gm, moles,



TABLE IIX

Photolysis of Msthyl-othyl ketone/Iodine Mixtures at 2537 4

. . 7 -
Experiment | Temperature | Pressure | Pressure | '®' Time of '| ' Yield X 10' gm.moles, . EtT P
- of of Irradiation - _ /MeI| § CO QELI _ IM’I
Ketone Iodine (minutes)| CO | Residual] EtI | MeI '
Corrected | | gas (%)
to 100°C.
100°C 50mm. | 0,8mm, Nl ¥.0,| w§p. | .02| .07
66° 51 ¢ 0.75_mm. 2.5 N.D. N.D. not absolutely 2.48 .
_ o Determined.
100° 53" | o 5.0 26.5 | 2.& 1.0(a)
80° 52 | 0.80 " 10,0 6.1 1.6  [24.3 [10.6 2,29 1y 47 .20
100° - 52 0.80 * . 5.0 B3| 0k 24 | 49 2,51 A7 | 48 19
100° 5205 o 5.0 25."' . 2.68 ' 1oo(a)

N.D.  Not Determined (a) assumed,
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Initially, no very great interest was attached to absolute values of
the quantum yields. It was assumed on the basis of Gorin's work that
they would be unity. As the work progressed it became apparent even with
the rather rough results availeble, that this was the most important

gection of the work, and the technique was altered accordingly.
Experiments at 2537 A.

The results of these first experiments are set out in table III.
Experimentally, they are subject to considerable errors in absolute
values of guantum yields » Since it was not possibie to run the mercury
lamp under constant and reproducible conditions,

Bvery effort wa.s made to reduce the time of contact of iodine and
ketone in the liquid phase. It was found impossible to work below 60°,
for even at this temperature there wa.s'some- -sli,lg_ht-_ téndency for the ketons
and iodine to condsnse out in small drops on the walls of the reaction
vessel. One run at 50° di_s__@layed this effect cons_idpiaﬁly a.nd. gave
quite anomalous 'msulté. This behaviour is surprising since the
saturated vapour pressure both of me,trwl-et_twi ketore (300mm.) and of
iodine (2,16mm,) at 50° are well above those used in practice.
Discussion of Results

An approximate estimate of the relative predominance of the pr:l.ma:y
reaotions may be obtained as follows:
Suppose (x + y) gm. moles. of ketone decompose as set out below;
(x + y) CH,COC,H -—9. x(cnsa-czascoh y(GZH5+03300)
Purther, suppose a fraction <« of the propionyl radicals decomposes

spontaneously:
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L} x(czn5co) —> ® x CHy + o&x CO
Similarly, p of the acetyl radicals decempose:
PY(CHBCO) —> Py CHy + pyCo
Then the total yield of methyl will be X + Ay
and " " " ¥ ethyl %+ ¢ y + dx
nooow "0 """ dAx o+ Ay
Hence the ratio of ethyl t:o mthylw;,equivalent to that of ethyl iodide
to methyl iodide in the products, will be given by:

yield of ethyl iodide ¥ 4 dx
R = —— ' = ————
yield of methyl iodide x + By

‘Lot A = ¥/x o

proba.bil:l.ty' of reaction (a

Then R AR/ s IV

Also the ratio 8, of the yield of co to that of Mel is givan by

80, . A+ paA
MeI ~ l+pa

8 =
It is known tha.t the propiowl radical is ‘mich less stable than
aéetyl; as a l:.mitipg assumption _suppose dcland fi= 0; then
R= A+1, Taking a mean value of.R=-2'di. from the observed results, a
lower limit of 1, for the value of A is obteined. This limiting
assumption 1s obvicusly invalid, for some at least of the gcet_yl radicals
mst decompose at 2537 4; further S does not equal unity, as would be
required, As a better approximation, let us take the estimate of Noyes
et al, that § = 0.15 at 2537 A, and taking a mean value of S=0.78 from
the two observations, then we obtain A .69 and A=2.65. That is,
reaction (b) is 2,65 times more predominant than reaction (a) at 2537 A
Obviously thié estimate is subject to considerable error, and

requires an accurate knowledge of 4 and p for proper estimationm.



Expéitment _EKetone | Jodine Time of _ go. moles, RtI [BtI | Fuer | €0
Re, . (pnm pressure | Irzadiation P Mhﬂ EtI Mol ol :
to 106°) ™
CH,
9 100° Shm, | 1.0, 0 1| <o
10 1000 52 * 0 45 mins.| 77.5 | 75 1.0(a)
1 - 80° . 52n 1.0 15 - | n | 1m0 | 67| 22,5]|.535 | .02 | 0047 |
12 é0° 53 | 1.0 45 50| .20 | 4.0 | 2.00| 22.3].5 | .om | .05
13 00° 53 0.9 45 £7| 02 | 427 | 18| 25.|.s2 | 025 | .00
1Y 1000 53 0 b5 [ BN 5.2 | H | 1.0(a)




Possibly this information could be obtained by detailed analysis for
acutyl and prupionyl iodides, but such an amadysis would wsourvely be
practical. In view of this uncertainty, work at this wavelength was
abandoned in favour of the less energetic 3130 ZL, where g is probably
very low,

A notable point in these fesults concerns the low values of quantum
ylelds. It will be apparent from the above analysis that the overall
quantum efficiency of radical production,$ R; is given by:

gr = ZL o JEI 4+ Fuer - Foo

where E = no, of einsteins absorbed.

Al previous considerations would indicate that§R =1 at 2537 4 .
On the two results avaiiable, the observed values of §R caloulated as
above wexe .53 and .50. The discrepancy appears to be beyond
experimental error, but it may be due to the presence of mercury vapour,
This would cause increased absorption in calibration runs owing to the
excitation o_'f resonance radiation, but in the presence of iodine, mercury
would be removed as mercuric iodide, so that there would be no
compensating effect in iodine rums,

Experimenta at 3130 Z
) . °
The results of the first series of experiments at 3130 A are set out

in table IV. Only those experiments are reported in which succesive
fractions of each iodide exhibited constant specific activity, within a
reasonable and non-systematic exror, In general three such fraotions
were taken off at the boiling point of each iodide, and they did not vary

in specific activity more than was reasonably attributable to counting

errors, This was not always so, however, e.g., in one unreported run
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the counting rate of the ethyl iodide product rose by some 20 {m each
of three successive fractions, even though the boiling point of each was
nearly constant, The reason for this is not clear, one would suspect
the presence of some highly active product of slightly higher boiling
point such as acetyl iodide, but it is difficult to see how any such
product could have evaded the separation system used in analysis,

Again there is some uncertainty in the quantum yields, for the two
calibration runs (10 and (14) differ by 1% in yield of CO, although
the lamp was run under conditions as constant as possible, Relative
yields are more reéliable, though the good agreement between the three
observed ratios of ethyl to:.:”metbyl iodide 1s to a large extent forttﬂf_(}us.
Discussion of results

Since the yleld of CO is extremely low, the observed F}t;I/MeI ratio
gives a valid measure of the relative probability of reactions (a) and
(b). Results show that this ratio is 22:1 in favour of reaction (b):

GH30002H5 —> 0235 +GH300 ceseesee (D)

Although subject to an undeterminable experimental error, the results
indicate that § R is significantly below unity, averaging only 0.55.
This result is so surprising and contrary to assumptions that a further
series of experiments was planned to investigate the point. These
experiments will be discussed in the following chapter; there is little
to be gained from any further discussﬁ.on until their r¢sults have bsen
presented.

Summary

The results show that reaction (b) predominates over (a) in the

primary process at both wavelengths. At 3130 A, the ratio is 22:1 in

favour of (b); at 2537 Z, the ratio falls to approximately 2,6:1,



Observed values of radical yiqlds are censiderably below unity, but this

may be due to experimental error,
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V__FURTHER EXPERTMENTS ON METHYL ETHYL KETONE
In view of the low yalues of quantum yields obtained in previous
experiments, the amalytical technique was modified with the object of
minimising possible sources of loss of alkyl iodides. 1In addition, a
more rigorous purification of the ketone was effected.

Revised method of purification
F. 0. Rice (53) has shown during absorption measurements on various

ketones that emall (-5 emounts of unsaturated and cyclic compounds may
be present even in mpea{:edly fractionated samples of ketomses, These
components may have absorption coefficients some 500 times as large as
that of the ketone itself, and consequently may interfere with photolytic
experiments in spite of. their low copcentz_-ations. _Thair presénce is
often dsdected by treating the kotomo with neutral KMA0, ; if the
permanganate is :sufficiently dilute, no visible discolouration should -
occur in 15 minutes at room temperature, but such j.mpuritieé may cause

a significant reduction, Rembvél .of these :meﬁrities is no easy process,
it would seem to require some chemical step such as bisulphite treatment
in addition to repeated fractionafion.

A permanganate test on the ketone used in previous experiments was
definitely positive; reduction was visible in about one minute, and soon
went to completion., Accordingly further purification was carried out
along the following lines:

(1) An attempt was made to purify the ketone by means of the sodium
iodids addition complex described by Shipsey and Wernmer (63) for acetone.
Well defined crystals were obta.ined; these could be washed efficiently,
but the overall yield of ketone recovered was less than 5%

(2) Several portions of ketone were purified as far as possible with
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the bisulphite process. From large quantities of the well washed complex
a small sample of ketone was obtained; this was sufficient for omne
fraotional distillation, and the middle third of the distillate was:
retained for use,

(3) Once fractionated ketone was treated with dry, finely ground
KMnoh in _suopqssiva_ portions until no further rapid reaction ooccurred.
The product was freed of residual KMhOh by vacuum distillation, and was
then twice fractionmated.

Process (3) yielded a product which was initially entirely negative
in KMnO, reaction. On storing it gradually reverted, and finally

4

displayed a amall but constant reaction to the KMnOh test, The

following table presents the results of observations of refractivity
and permanganate rcaction on the abowve products, after that from process

(3) had attained a constant reactionm.

Ketone Nd20 moh reaction
Original methyl-ethyl ketone :
as used in first experiments 1.57871 * ,00005 1 minute
Product of process (2) 1,37897 " 8-10 minutes
Product of prbcess (3) 1,37892 " 8-10 minutes

Kim0, reaction is expressed as the time required to obt_ain'a visible
reduction, on mixing 2cc, of ketone with 10cc, of faintly pink, freshly
prepared mmk solution.

It will be seen that processes (2) and (3) yield products which are
practically indistinguishable, so that one may place some confidence in
their purity. The product of process (3) was used for further experi-

ments, It was dried over MgSO‘._ without alteration in itsoptical






properties or m,moh reaction; finally it was degassed and vacuum
distilled into a zeservoir - o

The same process was used for the purification of acetone, The
product was slightly more positive in permanganate reaction than was the
final methyl ethyl ketone, but this is probably attributable to a genuine
‘difference in ‘react:l.vitf -of the pure ketopes.

It is worthy of note that Trotman-mckioson and Steaciie (68) have
found in some recent experiments on the direot photolysis of acetone that
its behaviour is insensitive to 1ts method of purification. They
obtained identical msulf.s from three samples, two of which were simply
distilled, the third was distilled from permanganate,

Lgthod of £illing reaetion vessal

8ince the proposed experiments were to be carried out at 3130 A, the -
presence of small traces of mercury vapour should not be objectionable,

In view of th:i.s,. a mercury cut off was used tc isolate the ketone reservoir
since it enables complete protection from stopcock grease., The filling
system shown in Pigore Y was designed to enable mixing the _r_eacta_pt_e as
vapours rather than allowing contaoct in the liquid state, Iodine was |
sublimed into the reaction vessel first, then with the well ground valve
V firmly closed, the vessel was warmed to 60°, vapourising the iodine, .
Ketonse vapour was then admitted from the volume calibrated ballast flask;
finally the reaction vessel was removed, after closing taps Tl and T2;

it was then quickly wiped dry and placed in a preheated furnace., The
system requires the use of a greased tap to close the reaction vessel, but
this was used only in filling operations, and the products were extracted
through a break seal as before, thereby reducing contact of the products

with tap grease to almost negligible proportions,
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Photolysis of acetone/iodine mixtures at 3130 2

Expéx‘iinent Séries Temperatufe Ketone Iodiﬁe | Time of Intensity of Irradiation | Yield x 107 gn moles B | ( ar'b?tTrany
" N pressure pressure |irradiation| —, x I* | Tebs.x 10772 00 |Residual| mel |om.cer units)
ot (301‘1‘33“4‘) (minutes) . (arBitrary (_arb};.traxy quanta/cc/sec gas 3 :
$01007) | nits) units) : (cH,)
21 | 100° 6lm, | L3 | 51 2,15 L35 a2, | 0.8 | 3.9 | w.| .08 | .215
22 " 120 60 0 43 2.46‘ 15.6 | 3.8 o 1-0(&) | 19
23 E | 120 62'} o | ‘15 77 1»17 9.0 | 1."0(.a) "?.60
| 2 " | 100 62 0.8 7.5 5.8 .05 wo. | WD, | 405 | W, | | .20
25 z 120_ ‘,6’1 | 0  | 20 58 41.6 92 | 1.0(s) | 5.62
26 F 110§ ol e 1{.’2:-'_.‘" ;%iamlé - Mo ‘Phott;iysis o . 0.62 0,02 | 0,005 ‘:.1_' .
,v | 27 . | 120 6_3_.5_ | o 29 44 1 69 '».1.3'3, | 1.0(a) ’
28 " 100 64 '13.16 88 47.5 | -.__,10,_30 0.5 | 0,18 | 37.8 | i,l .6022 164
29 ¢ 120 6 | o 9 o  57'” S _5:1..'2'V 8.2 | o) 7.45
30 : w | 6L5 o045 | 10 87 5 | 3.8 36| 0i07" 169 | 2. ;,‘Q056 262
.31_/’ 120 o r f 0 10.25 8l 61 “ 654 | 9 | ki.{O(a) 7.36
32 n 100 - . 6135 - 0.45 ,g'g' 10 . 7% 55' | 12.05 10,35 | _6.04, | W3 ;_uN‘.'B". .C;)b&l.' 254, |
33 - H 120 63 0 10 --’*3. : 31  . 30.7 | 7.8 1,0(=)
3h . 100 62.5 2,43 16 50 36 7.62 o!.o76v‘o.‘05 712 8.2 ‘_.‘0013 .200 |
| 35 I 120 198 o 5 71,0 26,3 | 53.4 | 16,6 | 1,0(a) 1.52,_
36 ) " 12§ | 198 0 , 5 6o.é 22,1 u;zF .1 1.0(=) 1.‘49‘.
57 " 100 199 o2 | s 578 22 | 1825 0.05 0.07 | 48| wn.| .02 | 205 | :
38 " 100 200 95 10 55k 20.5'  17.73 | 0.07 0.06 9453 15..0 .0008 115
39 J ~12»ol 163 o | = 9_\8’; 90 | 29.5 2.6 | 20(e) .
m " 100 ‘_16.3 | o.5v3" | '19 ;7?.89.5.: :éz 2:.92 0.50 1.1’(?)( | 12.»7 .65 '} | .49_0.)
T x 120 165 | o 2 B 70 | 28| 3.0 | 1l
42 . - 100 15.5 193 | 2s W 68.5 24k | 042 0.3 | 9.53| .53 . 1 .39
| x These units are ‘constant only for experiments in the same series T Q ='>->>Yie1dr.oi“ co/ Io.t. ’(see‘"p. , ) ““
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Irradiation apparatus

_The apparatus dsed wuo csocntialdldy tho same as pi%muslj -deseribed,
but an attempt was made to measures the output of the lamp during ‘
photolysis in addition to maintaining it as constant as possible,
Obviously this is not entirely practicable unless the intensity
transmitted thvevgh the reaotion vessel can be measured, and a vessel
with plane ends was ordered to enable such measurements to be made.
Since its d.el:l.very was long delayed, some experiments with the old vessel
were carried out, A quartz window was let into the.rear of the furnace,
so that estimates of the intensity before and after each experiment could
be obtained when the reaction vessel was removed, Measurements were made
with a selenium photo-cell comnected directly to a microammeter. A mean
of these readings was taken as a comparative estimate of intens:l.ty from
one run to a.nother, and such readings are reeorﬂed d:l.rectly as mtene:l.ty
in the tabled results.

A more rigorous £iltration system was adopted for isclation of the
3130 A line, based mainly on the addition of K,Or0, to the originsl system.
KZCI'OL has a peak in its transmission ocurve which corresponds very closely
to the desired wavélength, in particular it removes the neighbouring
group of lines in the mercury spectrum at 3660 A., but only at the cost of
some considerable loss in transmission of the 3130 A line itself, The
system finally selected is oclosely in agreement with that recommended by
Davis and Hunt (14) and more recently by Kasha (36). Its components were
as follows:

(1) NiS0, .7H,0, ¢ 63.4 g/1. was placed in the 250cc quarts

collimating flask.

(2) A lem. quarts walled filter of chroh_ at 0.242g/1. was followed by
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(3) A 1.60om, filter of potassium hydrogen phthalate at 3.16 g/l. with
both walls of Chance OX7 glass 2mm, thick, This glass transmits
90% of all wavelengths in the region 2900 A to 3800 A, and outs
off very sharply on either side of this region. Consequently it
acts as a very convenient filter for removal of visible radiation,
and also short wave ultra violet, It is a considerable
improvement on the K:I..?aO(GOCﬁl2 filter previously used, since this
oould only act efficiently at the expemse of 50-80% loss in
transmission of the desired wavelength,

Anelysis of products

Gas analyses were made as before, but the iodide analysis system was
reduced in size and greased taps were eliminated at the expense of yet more
make and break seals, The apparatus is shown in figure VI. ' As before,
the reaction vessel was conneoted with a greased ground joint. For these
and all later experiments, a special grease of a type developed by Dr. L,
Tordal in this laboratory was used for this joint, The grease is composed
of mannitol, starch, and glycerol in the ratio of 1:2:6. Its tendenocy to
absorb organic vepours is much leas marked than that of Apleson greases,
and it may be warmed considerably without seriously affecting its properties.
It was used in certain joints mainly on acocount of its latter property,
since it enables the joint to be flamed and degassed more readily.

The proocedure in iodide anaslysis was essentially the same as before,
After removel of permanent gases, the constriction P was sealed off, the
residual products were twice distilled through glass wool traps at -30°
and finally collected in D at -180°. Carriers were degassed, and distilled
into D as before, The times of such distillations were only very slightly

more than required to effect transfer of the ketone; | by these means iodine

-
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Rxperiment

No,

Sexies

Xetons
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Ketons
pressure
(oorrected
to 100°%)

Iodine
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® B R

101°

EEG§E

éo"
.7
&
61 =
.

1,0m, -

10"

0
0
11"

N.D.

3-‘3’{- .

3.6

5.20
2.8,

2,56

09

8.0

ok
8.8
7.3

02

17.3

9.0
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was completely removed, and in most - but not all - cases acetyl -lodide |
' fractionated from methyl iodide.with any.success, and the use of KOH.may.. :
involve the loss of other products by absorption. However, there is no ‘
reason for its formation in anything more than negligible proportions,
Estimation of quantum yields
As a check on the values of quantum ylelds obtained in previous

experiments, a different scheme was adopted for estimation of these
quantities, Calibration runs were made on acetone at 100°C, under which
conditions the value of §CO is known to be unity; Available data indiocaté
that the absorption coeffictent of methyl ethyl ketone is 1,23 times
larger than that of acetone at 3130 A. Accordingly, the pressure of
acetone in calibration runs was inoreased in the same ratio, so that the
same’ percentage absorption would result. - This ratio of 1.23 has beeh
derived after suitable corrections from Rice's (53) studies on ketones in
the 1iquid phase, Due consideration was also given to some measurements
on diethyl ketone in the gaseous phase whioh Dr. Dorfman (17) has kindly
made available, These meagyrements show that the corresponding ratio of
€ diéthyl ketone/€acetone is 1.35. The value adopted for methyl ethyl
ketone is an approximation only, it may be subjeot of ¥ 5 to 10% err-or;-'
nevertheless it does provide an independent check on previous
‘determinations of quantum yields,
Results ‘
The results of this brief series of experiments are set out in table V.
Constant specific activity from successive fmétions of ethyl iodide
was obtained only when the vacuum distillations at -30° were properly

adjusted; In one unréported run the ethyl iodide displayed a marked "
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increase in activity in successive fractions; an effect which is almost
certainly attributable to acetyl iodide,

Once again, the absolute values of guentum yields are subject to
considerable error, owing very largely to the necessity for long runs with
the new filtration system, and consequent long term variations in intenmsity,
variations which were diffiocult to allow for with the technique in use.
Nevertheless, the results agree in general with those found initially.

The ratio of methyl to ethyl iodide in the products i-é_' approximately 21:1,
and the overall quantum yields eppear to be significantly below unity in
spite of the large experimental error.

In view of this, it was decided to reinvestigate the photolysis of

acetone, in an attempt to confirm Gorin's results., This work will be

discussed in the following chapter,
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VI_STUDIES OF THE PHOTOLYSIS OF ACETCNE

Since all previons work bas failed to confirm Corin's conclunsion that
the overall quantum efficiency of radical production is nearly umity, it
was decided to repeat his work on acetone. At the same time any
uncertainties in estimates of quantum yields are largely removed, since
$CO in the direct photolysis is known to be unity under appropriate
conditions,

This chapter deals exclusively with experimentel procedure and results,
a full discussion of the reasons for these experiments and their
interpretation is reserved for the fineal section.

Preparation of materials

Acetone was purified as desoribed on page 63.

Acetyl lodide was prepared by reaoting dry hydrogen iodide with
acetyl chloride in the cold (Staudinger (60)). I am indebted to Doctors
Carson and Skinner (10) for details of their elegant method of preparing
dry hydrogen iodide by refluxing iodine with tetrahydronephthalene., The
crude acetyl iodide was freed from excess acetyl chloride by a preliminary
distillation at atmospherio pressure, It was thep onoe fractionated at
Lom, pressure in a'small Penske packed column, About the middle 2/3 of
the acetyl iodide distillate was retained, shaken with mercury to free it
of iodine, and finally d:l.st:l.lled.\mder high vacuum into a reservoir in
which it was sealed off. Attached to this reservoir was a system of some
12 receivers, into which portions of the product could be distlilled as
required for use and sealed off, The product was initially almost
colourless, it became slightly yellow due to iodine formation after two
months storage. Two determinations of its ilodide content ylelded resultis

equivalent to 98% of the theoretical value for acetyl iodide,



FIGURE 7.
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ta

carb.on dioxide was purified from commercially available "dry ice".
It was sublimed through a 1'?205 tuhe to remsve watcr, thon was repeutediy
fractionated at -30° into a receiver at -180°; about the middle 80% of
the gas was retained at each stage. Finally it was freed from permanent
gases by condensation at -180°, followed by prolonged evacuation, and was
stored in a 3 litre reservoir sealed with greased taps,

Reaction vessel and mothod of filling, Fig.VII _

All except the first few experiments in this work were carried out
with a'new oylindrical reaction vessel with plane polished ends. This
was filled with reactants by means of th-e apparatus shown in figure VII.
The normal routine was as follows: The reacticm.veasel was cleaned in
chromic acid after each run, then washed and. dried by complete evacuation.
The vessel was then filled with dry é.ir, and sealed onto the apparatus as
shown, The system was evacuated, degassed, and left overnight under
vacuun prior te filling operations. These were essentially as used before,
‘with the addition of a second meroury cut off to protect the ketone from
a.ny.tap' grease, and to_'enable a oomplefe_ly dry product to be obtained.
Acetone was aamitted to the des_ireﬂ pressure, and oondensed in the side-
arm below the valve V, Iodi;e was then sublimed in and condensed in the
reaction vessel with the aid of a pilece of ootton wool :i.mmersed.. in liquid
nitrogen. Finally the vessel was sealed off at Q, warmed to 60° with the
ketone section still frogen below th.e closed valve V, and then placed in
the furpace epabling the acetone to mix with the iodine, already largely
vepourised, S

Irradiation apparatus. Fig.VIII

At 250 watt medium pressure mercury burner type ME/D, as supplied by
B.T.H., gave a much higher output of the desired wavelength. The lamp
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was run at 50 volts and 5 amps off a direct ocurrent supply. The arc was
struck with the A.C, system shown in figure VIiII, the larp oo thom
switched over to the more stable D.C. system for continuous running. The
filter system was precisely as previously desoribed.

Transmitted irradiation intensities were measured with a selenium
photo cell in the position shown. The cold finger, more clearly depicted
in figure VII:, afforded a convenient method of freezing out reactents,
and thus mea;ring I, the intensity of irradiation in the absence of
absorbing gas. For runs in the presence of iodine, Io could be measured
only on completion of the photolysis, but in all caseas the transmitted
intensity, It’ was measured during the photolysis, Slight variations in
lamp emission between the times of measuring Io’ and I, were corrected
for on the assumption fhat the emission is directly proportioned to the
total wattage consumed by the lamp, as read on voltage and ocurrent mete:-rs.
In practice, such variations were small, and indeed after the first few
runs measurements of I o Were régarded more in the nature of a check than
anything else, Since the ketone pressure was always the same as in
calibration runs, the ratio I /I, was constant for each series of
experiments, and comparisons of I, were perhaps more reliable than those
of I .

Analysis of products. Fig.IX

Gaé analyses were made as before,

The iodide analysis procedure was modified in an a‘l_:tempt to estimate
acetyl :l.od:l.c‘le. Since this product is in part retained by the previous
methods of removal of iodine, it was decided to substitute a silver powder
tube for the two fractionations at =30°, The system is shown in figure IX.
Condensible pmducté were simply distilled through the silver powder
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tube A into B, and were then diluted with a mixture of carriers, including
2 oo, of acetyl iodide., These carriers were degassed in D, and Then
distilled onto the condenmsed products in B, after the usual precaution of
sealing off the constriotion Q. B was then warmed to -10°C, its contents
were thoroughly mixed by judioious local warming and shaking, and two
thirds of its contents were next distilled into C, still maintéining B
at -10°, By means of this rough fractionation, most of the methyl iodide
and a large portion of the ethyl iodide were collected in C, while B
retained mainly acetyl iodide, Air was admitted, and the two fraotions
were treated as follows:

The alkyl lodide fraotion in C was freed of acetyl iodlde by mixing
with an equal volume of cold water, Hydrolysis of the acetyl icdide is
complete in a few minutes, and provided the mixture is kept cooled, alkyl
iodides are not affected, The aguecuslayer was mechanically separated,

' residual alkyl iodides were twice washed, r.ou'ghly dvied with a large
quantity of Ca012 , freed of traces of iodine by shaking with silver powder,
and finally fractionated into their two componenté as usual, using a little
toluene and methylene lodide as hold back carriers for any less volatile
iodides that may be present.

The ac’:etyl iodide fraction in B was distilled in a small helix
packed column at 4cm, pressure, with the addition of lce. of methylene
iodide as hold back carrier. No attempt was made to obtain pure samples
of alkyl iodides in this distillation, in any case they were minor
components, Four fractions of acetyl iodide were taken off \_mder nearly
constant conditions, normally at 30°C and 4cm, pressure. Such fractions
were nevertheless not pure; - they were treated further by aqueous

hydrolysis, washed with inactive ethyl iodide to remove traces of dissolved



aotive alkyl lodides, and were then converted to silver iocdide,

It was not entirely prantical o scpazate a mixture of all the

carriers in one fractionation; pure samples of acetyl iodide could not

be obtained at the high temperatures (105°) required at room temperature

owing to decomposition.

The above separation appears rather drastio,

nevertheless it does not lead to any significant exchenge in the short

period of aqueous treatment as the following experiment shows:

Experimental verification of _fhe method
30c, of highly active methyl iodide was mixed with 2,6 of inactive
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ethyl iodide, 1.6cc of propyl iodide, O.l2cc. of acetone (being the amount

normelly used in each run), and 2.3cc. of acetyl iodide. The mixture

was placed in C, degassed, and then treated as described above, The

activity observed in the separated components isshown below:

Component |

Total Activity in Component

Initial methyl iodide.

Recovered methyl

ethyl
propyl
acefyl

100 arbitrary units.

101. " n
1 .6 ] "
0.1 n "
0.7 " n

Within experimental error, the recovered methyl iodide has the sanb .

aotivity as that originally used; furthermore the originally inaotive

components display in general an almost negligible aotivity, so that the

method appears to be justified., The activity of 1,6 units in the ethyl

iodide prdduct is due to imperfeoct fractionation rather than exchange.

Such an effect was noticed in subsequent experiments, it was reduced to

almost insignificant proportions by a slight modification in the



fractionating column.
Resul ts
Results are set out in the following tables. In gemeral they are
treated as before, but certain points. require some olarif_ioation.
" A._Photolysis of acetons iodins mixtures at 3130 A. Table VI

Intensity of irradiation
It mst be stressed that while values of I abs. are expressed in

quanta absorbed per cc. per second, the units for I o and I, are guite

t
arbit-rarj, and are in faot the mean currents observed in the photocell,
Further, the absolute value of these units was varied from time to time
owing to changes in the geometry of the sys_tem, the resistance in
parallel with the recording Mcroaﬁetw, and other factors., These units
are constant however, for all experiments in the same series, and have
been used in calvulation of quantum y:i.elds. ' )

Reproducibility of calibration runs

The .mtiw Q is a measure of the reproducibility in calibration
' _ru'ns.,_ It is defined as follows:
(Yield of GO)/I (t:l.me of 1rrad:lation)

Accordingly, Q should be constant for all calibration runs in the
same series, subject only to corrections for pressure variations;
corrections which in general are negligible except at low pressures where
I abs, o< ioP. However, since the units of I, are constant only in each
series, the constancy of Q is equally limited.

Experimentally, the constenoy is verified to within ebout 3%, so that
this may be taken as a reasonable estimate of the acouracy on determination
of absorbed quanta. The first three series were performed with the

previous reaction vessel and technique, the error here is much larger, and
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may be as large as = 20%.
Quantum yields of alkyl iodides _

Relative values of §Mel are probably oorrect to within & 5-10% for
all runs after series F, Absolute values are of similar accuracy since
they depend only on the well established assumption that $€0 = I»iff the
direct photolysis,

It is not possible to give definite figures for the ethyl lodide
. ylelds since the specific activity of ethyl iodide fractions was not
constant, tending to decrease somewhat with successive fractions, In
general however, the éqtiﬁties obseﬁed were very low, and if one takes
the final fraction as representative of the yield, then the results
indicate thatQEE;I is less than 1% of§ MeI, and in fact is zero within
experimental errar.

Absofpt:l.on measursments

© inalysis of the cbserved velues of I_ and I, for runs with the same
pressure of ketone indlcate that the percentage absorption of lucldent
rad;l.air;ion. is independent of the presence of iodine, as has been assumed,
No.very high acouracy can be 'cl_a_:l.méd for this result, but it wa:.s confirmed
by some abéorptioh measurementé oﬁ :I.odihe alone.

The reaction vessel was filled with iodine equivalent to 2mm, pressure
at 100°, and measurements of transmitted intensity were made (a) with the
iodine vapourised at 100° and (b) with the iodine condensed in a side arm,
Frequent alternations of (a) awd (b) failed to show any significant
absorption within a 1% experimental error, due mainly to drifts in the
emission of the iamp. The percentage absorption by the ketone varied
from 10% at 16mm, to 63% at 200mm. so that absorption by iodine is

comparatively negligible, This result is in agreement with the



TABLE VII

Photolysis of Ao_gtono[mbnh-'mmdp Mixtures at 3130 3 and 120°C.

: | » % absorption P co
Bxperiment | Series | Acetone co Time of 1 I ' 7 | %a
- No., pressure presgure irradiation arbitga;ry arbigrary I:le;.d x 10 gm.moles, of irradiatiom.
(corrected : (Minutes) unitse * units* co Residual
to 100°) ' : gas (CKA)
43 L 202mn, 0 5 78 30.7 63.4 U, 2 60.7 - 1.,0(a)
bl L 19 193mm, 5 7 - 30.5 56.0 17.6 604 .92
0 195 5 89 89 .01 .05 011
195 0. 5 91 36.7 | 62.3| 20.2 59,7 1.0(a)
195 195 5 8.5 | 3.6 | . 57| 168 59.2 945

¥ These units are constant only for experiments in the same series,
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observations of Rabinowitoh and Wood (52) who have shown that the
ebaorption coefficdent of iodine tends to very low values at rmavelengths
shorter than 4000 A, though they d1d not investigate the spectrum beyond
this wavelength,

B. FPhotolysis of acetone-carbon dioxide mixtures at 3130 A. Teble VII

Method of f£illing

002 was admitted to the reaction vessel to the desired pressure after
acetone had been frogen out in the side arm, below the closed ground valve,
Subsequently the 002 was also condensed and the reaction vessel was
sealed off and irradiated in the normal way.

Analysis of gases

Since CO, is quantitatively frogzen out at -180°, it does not interfere
in any way with the normal analysis., Extra care was taken to ensure
complete extraction of the products, involving two cycles of thawing and
-refre'ezing. |

_A'bsoxption of irradiation

The results show g_uite definitely that the o, behaved entirely as
an inert gas. Thus: |

(a) The CO, alone showed no absorption of radiation, and yielded no
uncondensable products,

(©) The percentage absorption in acetone was unaltered in the presence
of 00,.

C. Photolysis of acetone-iodine mixtures at 2537 A. Table VIII
Method of filling

A fresh sample of acetone wad distilled into the reservoir shown in
figure X. Since it could not be stored behind a mercury seal, an

ordinary greased tap was used; the vapour was partially protected from
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tap grease with a ground valve as shown. In addition the reservoir was
kept permanently cooled in dry ice except when required for use. During
evacuation and filling operations, the system was protected from mercury
vapour with the aid of a gold foil tube and liquid nitrogen trap
immediately adjacent to the high vacuum line,

Ketone pressures were read on a mercury manometer but this was
normally isolated behind a oclosed tap, and measurements were made in such
a way that gas was always run into the manometer and never out of 1it.
Furthermore, any small amounts of gas that may have ;soaped this procedure
must pass over the gold foil before entering the reaction vessel,

Apart from these precautions, the method of filling was the same as
used previously.

Irradiation technique

In ém;:iple, t_he sams system was used as described initially for
methyl ethyl ketone on page 4s.

The lamp was .r_un from a 1000 V. transfqnnex; as before, but the primary
vbltage for the transformer was obtained from a stab:l.lised' voltage supply,
with a fixed resistance in the primary circuit., Measurements of voltage
and current showed that the wattége conisumed by thé lamp remained constant
to better than 1%, in spite of 5-10% individual fluctuations in each
variable,

Results of callbration runs indiocate that the overall reproducibility
was oconstant to within 5-10%; if one omits experimemt 50 the figure
becomes nearer %%, and in particular the reproducibility on low pressure
runs was within this estimate,

Accuracy of quantum yields
In view of this degree of reproducibility, and because of the above
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precautions it was assumed that meroury vepour was completely eliminated.
However, the observed quamiuwu yielids at 1Gw proccure were wery pwoh lowar
than one would expeot, Furthermore, in calibration runs at 200mm., the
yield of CO per minute of irradiation was raised by a faotor of only 1.8
above the ocorresponding value at 20mm. Considerations based on published
absorption coefficients at 2537 A would require a factor of 4 rather than
1.8, thus indicating an abnormally high degree of absorption under
experimental conditions, This points very strongly to the presence of
meroury vapour in spite of the above precautions, so that one is compelled
to question the validity of the reported quantum yields, To test this
point, the final calibration run (55) wes carried out under more rigorous
cond.itiqx_x‘g. The gold foll was removed and baked out before replacing.
During filling operations, the acetone was condensed immediately after
pressure me#surement in a side tube,- and was distilled from this tube at
<40° into the reaotion véssel, passing over the gold foil in the process.
Nevertheless the yield of CO was not significantly lowered, as can be seen
from the table of results,

To reconcile these observations, one has to assume t;xat the most
minute traces of mercury vapour will ocause a saturation resonance effect.,
Otherwise, one cannot account for the reproducibility of calibration rums,
for it is surely inconceivable that precisely the same amount of mercury
‘should have been introduced in each case,

With oconsiderable misgiving these experiments were abandoned at this
point. The true quantum yields of alkyl lodides are almost certainly
higher than those reported, yet it would seem to require a very elaborate
mercury removal system to obtain genmulne readings, At this stage of the

work, time did not permit such an undertaking. In any case the main



TABLE IX

Eff'ect of V:ls:_l._blo Radiation on the Photolysis of Acetone Zodin ] 1
Experiment |Series| Acetone Ioaim Temperature | -lﬂ.mntoa of irradiation |Intensity of [Yield X 107' , moles, R |@Me1 | HCO
No. pressure |pressure| Total| Total Mixed ultraviolet CO |MeI |CH,COI
(corrected ultra [visible|irradiation| T #] T, F] 3
to 100°) violet ! o1t

56 | p | 1%m. | -0 120° 5. | o 0 59 |39 |s59.5 |%. | .- 1.20 1.0(a)
57 P | 200 1,02mm,|  100° - 5 0 0 115 | 45.5 | .07|7.77| 12.2 .109

58 P 199 o 120° 6 L L 68 | 25.5 | 54.8 1.31 1.0(a)
59 Q 201 ) 1200 0 " 0 o | o .02 |
60 Q 200 .56 100° 0 L 0 o | o .02| .08/ .8

61 R 198 o 120° 6 b L 62 |22 | 5.0 1.45 1,0(2)
62 R 200 1.2 100° 12 8 8 62 | 22.6 5.1 2.2 137

63 R | 200 0 1200 6 0 0 62 | 22.6 | 55.8 1.59 1.0(a)

¥ These units are constant only for experiments in the same series

R = (Yield of CO)/Ibt
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point of these investigations has been established even on the results
available, for they shew that the redical guanium jicld is &l lewst .65
at 200mm., a value very much higher than at 3130 A, and possibly unity

within experimental error,

D. Effect of visible radiation on the photolysis at 3130 A. Table IX

Method of £illing

Essentially the same system was used as described above for the
2537 A work, It differs from that used in seotion A only in the use of
greased stopcorks in place of mercury seals.

Irradiation '

A collimgted beam of visible light was obtained from a 250 watt
tungsten lamp and condenser system. Such a source displays a continuous
,spectrum begininng at 4000 1; at the short wave end; m.particular it
gives an intense output in the neighbourhood of 5000 A. where iodine
exhibits: maximum absozption. The absolute output was not measured, nor
was the absorbed intensity of this visible light, but on the basis of
available absorption coefficients one would calculate that some 50-9(% of
the incident visible radiation would be absorbed by iodine vapour under
experimental conditions,

The souroé was placed at the rear of the irradiation apparatus, 20cm.
from the window at the end of the furnace, so that visible light entered
thé reaction vessel in a direotioﬁ opposing that of the ultraviolet.

Measurements of I o and I, were made as usual with the 3130 A irradiation '

t
alone; visible light was then admitted in addition to the ultraviolet for
the times specified in table IX, normally 2/3 of the total duration of the
run, Finally, visible light was switched off, enabling a final check on

It and Io before turning off the mercury arc,
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E, Yield of ethane in the presence of iodine

Fthape was not cotimatcd da worwal Tins, since it is difficult, if not
impossible, to separate it quantitatively from methyl iodide by physical
means, Further, any such analysis involves thawing the products prior
to recondensing at a higher temperature, with consequent losses by
absorption on tap grease and formation of iodo ketone compounds in the
liquid phase.

At -190°, ethane 1M quantitatively frozen out; at =140° the
ethane yield in two calibration runs (equivalent to about 80% of the CO)
was completely extracted by 30 strokes of the toepier pump, while 6 strokes
extracted 89% of it. At =130° a semple of pure, repeatedly degassed
methyl iodide was found to exert a small but significant vapour pressure,
such that approximately 3 x 10-8gm. mole., of vapour wore removed for each
6 strokes of the tospler pump.

Detailed gas Mpes were made on two runs in the presence of iodine
at different wavelengths, The results of these runs are set out in
table X, together with the blank yields of gas extracted from pure methyl
iodide under similar conditions. It wiJ.l be seen that the yield of gas
obtained from irradiated acetone-iodine mixtures at -130° is in neither
case significantly above that extracted from metl;xyl iodide alone. Since
ethane yields, 100 times as large, were at least 80f extraoted at even
lower temperatures, it may be conoluded that the yield of ethanc was
practically negligible in both cases; and certainly less than 1% of the
einsteins absorbed.

The carbon monoxide yields are also worthy of note, The additlonal
total gas extraoted after thawing and refreezing the produots at -190° was

only of the order of 5 x 10'9gm. mole, so that the normal procedure for CO



Experiment | Series | .Acetons '
No. . ‘pressure | pressare irradiation co cri3co ® co & del
(corrected (minutes) (°Hz,) _
to_100°) -
47 N 205mm, 0 1200 5 68.8 | 11.0 1.0(a)
48 N 204 " 0 120° 5 71.0 | 11.6 "
49 N 208 " 1.90mn 100° 5 10.3 .65 58,7 2.5 .138 78(7) |
50 W 210 " 0 1200 5 85.1 | 12,2 | 1.0(a)
51 o | 22.6 o 1200 b 30.7 | 1.65 "
52 o0 | -22.0 o 120° L 320 .| 142 "
53 0 21,7 2,0 100° b 3.87) .26 | 13.7 92 .126 L5(?)
54 0 22,4 2,0 1000 n 387 13 | 13.8 1,23 .126 45(%)
55 0 21.0 0 1200 4 28,7 .15 1.0(a)




TABDIE X

Ethane and other gas yields in the preg_énce_ of iodine

Nature of Gas

Gm.moles, X 107

exi,ji‘acted from:

Photolysed acetone De-gassed
iodine mixtures Methyl
Todide
3130 & 2537 &
(a) CO + CH,
Gas extracted at --.'1.90°0 with 20
strokes of the toepler pump. 0.05 4.00
Aﬁdiﬁonal gas extracted after
thawing and refrgezing the
products at -150 C. 0.04 0.05

(5) 0 + 5331'

Purther gas extracted with 6 strokes of

the toepler pump after thawing
;3& refreezing the products at
C.

_ 0.47 0.35 0.30
°c. - 130° - 135° - 130°
Additional gas extracted with
6 strokes of the toepler pump
after repeated Shmin,g and
refreesing at T C, 0.30 0.10 0.23
Pressure of acetons, 200 mm. 20 mm,
Pressure of ilodine, .92 mn, 2 mm,
Quanta absorbed (eimsteins x 107). 65 31
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analysis appears to be practically quantitative,
P, Yields of acetyl iodide

Experiments have provided abundant qualitative evidence for the
formation of acetyl iodide, but by no means were the results reproducible,
Yields varied from 5% of the methyl iodide yield to 1568 of this quantity,
and all attempts at improving these results were unsuccessful. It is
perhaps significant that of the three reasonable yields, equivelent to
1396, 156% end 119% of methyl iodide, the first two were obtained at 200mm.
and the last at 62mm, of acetone. Thinking that the low yields in other
cases might be due to insufficient carrier to bring over the small amounts
of relatively involatile acetyl iodide in the reaction vessel, an
experiment was performed in which a little toluene was distilled into the
condensed produots before distillation. Nevertheless the yicld of acetyl
iodide was practically negligible, and later results on the less volatile
methyl ethyl ketone in which acetyl iodide yields were still low, appear
to invalidate this contention. No attempt at distilling acetyl iodide
carrier into the reaction vessel before removal of iodine was made, since
this would almost ocertainly lead to blank yields and exchange.

It is possible that acetyl iodide is decomposed on the silver powder
during distillation from the reaction vessel, but a final run in which
. lodine was removed by fractional distillation without the use of silver
powder gave no higher yields,

Gorin's contention that a large fraction of the acetyl yleld appears as
diacetyl was qualitatively tested in one experiment at 200mm. of acetone
"with ham. of inactive iodine, Photolysis at 3130 A was prolonged until
about 400 x 10'6 einstelins were absorbed, and the product was tested for

diacetyl after removael of iodine by fractional distillation. The product
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was oconverted to its oxime with hydrc_ixy-lamine, and was then tested for

dimethyl glyoxime by addition of Fi§O,. No trace of the red nickel salt

appeared, though pz;el:l.minary tests showed that L x 16'6gm.mole. of diacetyl -

could be detected by this method under similar conditions. It is
estimted that the yield of methyl lodids in this experiment was of the
order of 40 x 10 6@1. mole. so that if any diaoetyl were formed, it
rep;'esented less tha.n 10% of the methyl iodide yield,

It seems reasona.ble to assume that acetyl iodide is formed during
photolysis in quant:lti_ea equivalent to methyl iodide, but that it is in
some marmer decomposed during the analytical prooedure. The three high
yields support this contention; the faot that they were somewhat higher

than those of methyl iodide may possibiy be attributed to small amounts
-of iodo.acetonse.

]

"
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VII PFINAL EXPERTMENTS ON METHYL ETHYL KETONE
It will be recalled that previous experiments on methyl-sthyl ketone

have established the ratio of the photolysis products, but that absolute
values of quantum yields were determined only very approximately, More
recent techniques heve proved stalsfactorily reproducible, and will also
enable a direet experimental check on previous assumptions regarding the
quantum yield of CO in the direoct photolysis, and the ratio of absorption
coefficients., Some experiments were carried out with this objeoct, sinoce
a knowledge of the absolute quantum yields of alkyl iodides in this ketone
would be interesting to compare with those found for acetone.

The experimental procedure was exactly as described in the previous

seotion, using a freshly prepared sample of methyl-ethyl ketone. The

ketone was stored in a reservoir isolated with a atopcock, and the same

meroury free filling system was used as in the experiments on the effects
of visible light.
Determination of§00

The quantum yield of CO in the direct photolysis of methyl ethyl .
ketone was determined from comparison of the CO yields observed from this

ketone and acetone,

The amount of radiation absorbed during an experiment may be

expressed as:

E = K4(I, - I.),
where E = number of einsteins absorbed.
t = minutes of photolysis,
I, = intensity of irradiation transmitted through the

empty reaction vessel,

I, = transmitted intensity during photolysis.




K = an experimentally determined constant.
Further,
= B §co
. ‘Wwhere = gm.moles, of CO formed during photolysis.
and  $CO = quantum yield of GO
Hence,

K

E/(I, - I,) = Q/t800(I, -_It)
Denoting the term "/t (I 0 " It)" by "S", an experimentally determinable
quantity, we have:

s = Kxgco.
Further, since §CO = 1 in the case of acetone, we may determine K from
calibration runs on acetone:

S acetone = 8 s = K.
Similarly, in the case of methyl-ethyl ketone, we have:.

S methyl-ethyl ketome = 8, = K§CQM

where the subsoripts "A", and "M" refer to acetone and methyl-ethyl ketone
respectively, | |

Hence,

§oo, =58, N ¢ §)

This treatment is independent of the units in which I, and I, are

t
expressed, so that the use of microammeter readings in the photocell
ocirouit is permissible, It will be valid only if these readings are
direoctly proportional to intensity; but any errors arising from deviations
from striot proportionality will be negliglble of the ketone pressures

are adjusted so that the values of I o and It are similar in both cases.



Absagtion of Qoefﬂcd.emts
The ratio of absroption coefficients of the two ketones was obtained

from the same experiments, using the relation:

LR 7 /;Lf_o./f.t.} e
€y P A/ P M

where P = preasure (in mms., )
and € = absorption coefficient of each ketone.
€ is defined by: |
: .. It _ I°_10.- €cd,
where ¢ = concentration in gm.moles./litre.
d = length of absorption vessel.

Again, the treatment is valid irrespective of the units in which
" I, end I are expressed, but ‘bhe'dééirabiii%y for similaf’miuéﬁ' in each
ketone is even more to belstr'es.se'd.
.Besu_lt-s .

| '.I.;he :fes’uit's are -se;' out i_n'tq.'bl_e XI. They will be discussed:later
from _fheorefical .ﬁeﬁomt, .bu't_ the Iféllawing exper:l.x_rientéi observations
are more relevant to this chapter. '

(a) Quantum yleld of carbon monoxide in the @irtect photolysis

The mean value of SA from experiments 65 & 67 is 2,22 t 06,

Combining this with the mean value of SM = 2,165 from experiments 64 &

66 we obtain:
@coM = 2.165/2.22 = 0.975.
This is very close to 1 as has been assumed in previous work, and
may be taken as unity within experimental error. This value has been

assumed in caloulation of quantum yields in both runms.
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(b) Absorption coefficients

The quantity (Log,IO/It) / P is found to be 0.,02465 for methyl-ethyl
ketone, and 0.02165 for acetons within a very smell margin of error,
Hence from equation (2), we have

Ew/én = 1,14

It will be recalled that a value of 1.23 was assumed for this
quantity in the experiments in chapter V. The effect of this alteration
will be to raise the quantum yields celoulated in that chapter by 8%,
thus obtaining values §EtI = 0.52 and 0,78 from the two observations,
However, the experimental error in these previous determinations was so
large that it is doubtful if this correction is of muéh quantitative
significance.

It is of interest that the absolute values of € A obtained from these
experiments is 2,11, This value was reasonably consta.nt' throughout the
work, averaging 2.2 L.3 at 15mm, pressure, 2,2 .2 at 6lmm., and 2.1 Z ,1
at 200mm. This may be taken as a rough check on the efficiency of the
filtration system, but no absolute significance can be attached to any
such determinations,since the precise value observed depends véry
critically on the polychromatic nature of the light source, Thus Dr.
Dorfmen (17) finds lerge variations of 3% in observed values of I,/I_
in the course of some measurements on diethyl ketone, determined with
different ultraviolet lamps but with the same filtration system,

That the above value is at least of the right order may be seen from

the table:
€ A at 3130 ;L Inveatigator
2,88 Damon and Daniels (11)
3.27 Luckey and Dorfman. (38) °
2,11 Present work
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It should be stressed that although absolute values of € A Y be
greatly in error, the relative values from one ketone to anothe;' obtained

by the above method are probably correct to within 1 or 2%.



VIII DISCUSSION QP RESULTS

The most striking point in the z'es.hlts obtained on acetone is the
large discrepancy between the values of §MeI reported by Gorin at 3130 i,
and those observed in this work. Most of Gorin's experiments were
concerned with 2537 i irradiation, or rather the unfiltered output of a
mercury arc, but he did report two experiments at 3130 A and 90°C, in
which he found:

(a) At 850mm. of acetone and 1.0mm. of I, Mel = 0,85

(b) " 1265 n = m w5 w " = 0.78.

None of my results were obtained at such high pressures, but at
200mn, the observed value of §Mel was .1l under otherwise comparable
conditions, and it would be somewhat lower at Gorin's pressures., The
discrepancy cannot be due to formation of products other than methyl
iodide in my case, since the ylelds of G0,CH,, and CH, were all
praotically negligible. The disorepanoy is so very large that one might
well question the validity of the methods described herein.

Validity of results

Practically every step m the work has been verified as far as
possible; the radiochemical technique has been shown to be valid as
regards absence of exchange and blank yields, and it gives reproducible
results from many different samples of radiocactive iodine, each of which
was necessarily subjected to a separate determination of specifio activity,
The purity of the lee tones is well established, and is confirmed by results
of calibration runﬁ. Thus, observed yields of methane are in reasonable
agreement with Noyes and Dorfman's equation for QGH"_, and the variation
of this quantity with pressure and intensity is also in eccord with

previous investigators' results. Purther, the comparison of calibration
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runs on acetone and methyl-ethyl ketone provides some check on their purity,
and the conolusion that g CO = 1 in both cases is precisely as required by
all previous considerations.

The only impurity which probably was present during photolysis was
meroury vapour, Its presence and effeots at 2537 i have been disoussed,
but such effects could not arise at 3130 A since light of this wavelength
cannot excite resonance radiation in mercury vapour, It is still
conceivable that mercury vapour would interfere with the photolysis in
other ways, but in a system which is remarkable for absence of chain
reactions it is difficult to see how the minute quantities present could
cause much effect, In fact, Saunders and Taylor (56) , in investigating
the effects of mercury vapour on the direct photolysis,reported only
' second order sffsots when the mercury vapour pressure was as high as 30mm.
The present results in no way bear out any such interference, for in one
run in which mercury was definitely present, as evidenced by a visible
deposit of merouric iodide, the results were perfectly consistent with
others. Again the final experiments on acetone in the presence of mixed
.light used a filling system which must have removed all but minute traces
of mercury; the results were in good accord with previo‘us experiments,

In view of the above, and in particular of the faot that under
certain conditions the alkyl iodide guantum yield in methyl-ethyl ketone
did rise to unity, one feels réasonébly confident that the results reported
are geniune,

Validity of Gorin's aésults

On this basis, it would seem that the discrepancy might be
attributable to Gorin's investigations., A detailed consideration of his

technique brought to light a serious point concerning his estimates of




90

qua;ntin'n yields. He baseé his estimaten of absorbed quanta on calibration
runs of\ acetone alone, choosing, for his 3130 A work, a temperature of 80°
for the direot photolysis. On the basis of Damon and Daniels' results
(11), the only ones then available, he assumed a value of $Co = .17 and
calculated l;xisﬁ'm'e:[' yrﬂds accordingly. Damon. and Daniels' results were
obtained at 56.'-, 750mm.,, and with very high absorbed intensities of
3x 101-5 quanta /oc/ s'eol.' More 'mceﬁt work, in particular the detailed
investigations of Herr and Noyes, indicates that the probable value of
$Co under Gorin's conditions was. .8 L ,15, owing mainly to the fact that
'§00 is markedly temperature dependent and approaches unity at 90-100°C.
.The effeot of other variables ﬁbﬁl& not be very appreciable at this
temperature, and in any case Goﬁ.n' absorbed intensities must have been
of the same order.as those used by Herr and Noyes. - One cennot evaluate
absorbed. intens‘i#iés acoﬁf_a.tély in Gorin's case, since he did not speocify
the volume of his 'régction vessel; “but on.the. épproxlmte'-assumption that
thj_.é volume was 10Oce, his | réport_ed yellds are equivalent to I abs. = 5 x 10%
quanta/ootseo. | . |

Recaloulation of Gorin's results on this basis leads to the surprising
conclusion thatiMeI = 4 £ .8, rather than .8 as previously stated, In
view of this almost inexpl:l‘.oable result one feels that Gorin's estimates
of § MeI at _3130-1: are not to be treated as ‘reliable,

Similar oonsiderations apply to his work at 2537 Z, though in this
case 1t is difficult to assess the trus value of $CO under his conditions.
In this instance he performeé his calibration runs at 60°, with absorbed
intensity of approx. 101‘" quanta /co/sec., a value 100 times as high as.
that used by Herr and Noyes and more nearly equivalent to Damon and

. Daniel's oconditions, The adopted figure of §CO = .17 is certainly more
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i TABLE _XI * = e _
Photolysis of Methyl-ethyl Ketone/Iodine Mixtures at 3130 A (Final Series)
. -' : ; '- . ' ' Yiel T, g - - :

ethyl | to 100° * " -

ketone
& |8 | x |eem | o | 1200 | mige: | lemz | 6®3 [165 |.0m7 432 [15.2 2,17
65 8 A 111.0 0 1200 5.16 100.2 | 57.6 |1.7% |.0216 |47.% |11.6 2,16 1.0(a)
6 | s M 89.5 0 1200 5,00 97.0 58.4 |1.66 |.omé | 42.2 4,8 12,18 )
6 | s A 100.2 - 0 1200 510 98 59.5 [1.65 |.0217 - |u4.8 |10.3 2,28 1.0(a)
68 8 M | 88.8 1.02mm| -100° 5,00 93.5 | 56.5_.11.65 (163 043 [Bh.1| 1,72 19.8 | .835 | .Ou2 | ,004
69 | s " 8.0 | 0.9 | mgp 5.00 93 55  |1.68 80| 259 [32.8] 1.75 19.0 | .618 | .| 7 -
|t | u 1.8 0 1200 20 102 91  |1.12 36,1 | 6.9 B 1,195 | 1.0(a)
7 s M 15.4 0 120° 21,5 100 89.5 |L.12 39.9 | 7. 1,21 11.0(a)
72 T M . 148 1.00 100° 20 96,6 86,3 [1.12 3.33| .21 [33.6] 3.26 10,3 | .975 | .095 | .096 |

# These units are constant only for experiments in the

same series,

S = (Yield of co)/t(x° - I,) in arbitrary units.

R =(Yield of 'CO)/t.Io._P_.
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reasonable in this instance, though a rough extrapolation of Herr and
Noyes! dots wewld indicave & sowewhat higher vaiué, 1t is significant
here that Gorin made no attempt to remove mercury vapour under any
conditions, storing his acetone behind a mercury cut off. It is possible,
but not definitely established, that discrepancies due to absorption
variations would vanish in his work, for his acetone pressures were 50
high as to cause practically complete absorption of radietion in any case.
Again the result depends on the sigze of his reaction vessel,

' The difficulty of estimating such small gquantities of methyl iodide
as Gorin attempted needs no emphasis. His method oonsisted in
separating methyl iodide from acetyl iodide at -30° by distilling off
808 of the acetone in his reaction products into.a separate receiver,
thereby taking with it practiocally all the methyl iodide. Excess iodine
was removed brev:l.ously by distillation ovex; mercury. Total iodine in the
two fractions was estimated by conversion to eleméntary iodine, and
titration against thiosulphate, It is worthy of note that Gorin also
investigated the photolysis of aoetald'ehyde with the same technique.

This work was later repeated by Blacet and Heldman (7) and Blacet and
Loeffler (8) with results which differed considerably from Gorin's. The
latter investigators found much lower yields of alkyl iodides than those
reported by Gorin.

A. The quantum yield of methyl iodide in acetone at 3130 A

It will be seen from table VI that§Mel is markedly dependent on
pressure, At roughly constant 12 pressure, § MeI falls from .5 at-1l6mm.

of acetone to.Jdl at 200mm; while at constant acetone pressure the yield

falls with increase in pressure of iodine,
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The latter result could éonoeivably be explained on the assumption
that the photolysis proceeds via a obain mechemiswm, ac is cervaluly the
case in acetaldehyde, and that the action of the iodine is to quench such
cheins by removing their propogating radicals with an effioiency dependent
on iodine pressure,

There is abundant evidence against such an interpretation. Firstly,
the faot that the overall quantum yield in the direct photolysis is unity
and essentiallymdependent of all variables at temperatures above 100°,
could be explained only on the improbable assumption that in all cases a
small radical yleld is combined with a large chain lengfh in such a manner
that their product is always 1. Further, Mitchell and Hinshelwood (43)
have shown that small amounts of nitric oxide have no effect on the
photolysis at 300‘-, Leermakers (39) finds no apprecisble rise in guantum
yields at high temperatures as one might expect from a chain mechanism,
and more recently Steacie and Darwent (62) have sh&wn that the results are
independent of the nature of the surface of the reaction vessel; e.g.
coating it with lead or KCl made no difference. E@ly, one could
sc'arceiy explain .the'effectl of acetone pressure :I.n the present
investigations on such an assumption,

The results may be explained in a much more reasonable mamner on the
assumption that the primary process at 3130 A. is the formation of an
activated molecule which bresks down to radicals with a half life
sufficiently long to enable collisional deactivation by iodine and acetone,
However, the same activated molecule must be formed at 3130 A. regardless
of the presence or abaencé of iodine, yet in the direct photolysis the
quantum yield is independent of pressure. We must conolude that the

-aotivatéd molecule as.originally formed is incepable of deacotivation by
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acetone; in faot, this property of deacotivating, or in some way reacting
with the exeitod molsculs appears to be confined to iodine, whilst at the
same time it renders the overall process dependent on acetone pressure.
This suggests that the product of the iodine reaction is a second
activated specles which ultimately breaks down to the reaction products
or is deactivated by acetone, The precise nature of this second
activated species is diffiocult to assess; it may be a second electronic
state of acetone or a transition complex formed by the addition of iodine.
A number of considerations favour a particular form of the latter
mterpretat:.on, represented by the reaction:

OH,000H; + I, —» [GH,000H,......., i] 1

Representing this complex by AI , the proposed mechanism is set out in

full below:
| Reaction Rate Expression No.
CH300GH}+ v - GHBCOGH; 1, 1.
5cocr13 —> CH5+CH 00 k(8" 2,
CH cocn; +sI, —SAL.I KB(A*)(I.Z) 3.
ar® ~» CH,14CH00 i, (a1%) loa.
. at™ —»CH 5+ 0H {001 i, p(a1") k..
AL +A >+ I kSa(AI')(A) 5.8.
ar’ s, Al | k5b(AI')(12) | 5.b,
CH, - +I, > OH X T , k5(0H3)(12) 6.
CHy 00  +I, —acH}conl ' k7(GH300)(12) 7.
CH4CO ~¥CH 5+C0 ka(cnsco) 8.
I+I +A > I +A k9(I)2(P)- 9.

The numbering of these reactions refers to this discussion only; it

is not related -to that used for s:l.in_ilar reactions on previous pages,



Sl gmntitative treatment

On the basis of this mechanism an expression for § Mel may be deduced,
It is assumed :

(a) that the quantum efficiency of reaction (1) is unity.

(b) that reaction (6) is quantitative. i.e. that both the yleld
and rate of formation of methyl radicals is equivalent to that of methyl
iodide. |

(e) that acetyl radicals are also quantitatively removed from the

system,probably according to reaction (7), but not necessarily so. me_l.

QMB_I except by operat:.on of reaction (8). For example, reactions such ag

GH5 + GH_BGQ ’=* CHSCOCH} _
are assuméd to be negligible, as is of oourse perfectly reasonable since
the methyl concentration is so low.

(@) that the deactivation of AT" is effected equally efficiently

_ by both acetone and iodine, i.e. 'k5a = k'5b" so that the rate expression
for this reaotion beccies zks(P) .

(e) that as a reasonable approximation reaction (8) may be
neglected as a source of methyl radicals, in accord with the experiméntal
fact that the yield of CO was in-all ocases very small compared to that of
methyl dlodide,

Assuming further that the standing cncentration of A" and AT is

constant , we obtains

K n
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In view of

A" follows reaction k(a) or k(D);

thats :
*
Hence (A*)
and  (ar')
Now  d MBI '
at
end P Mel .

~ Substituting Dl

§ Mef

. +*
= Ia.-—kz(A)—
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k3w M) = 0

(S) above, it is .’mmater:lal for present purposes whether
we may replace k, + Ky BY K, 80

= ) - Rd) - eade) - o

=Ty, “ 'k2'+k3(1-2)=] vesssBl

= 3(12) /{k +k5(P)] k! 3’("12_)}" ceesd2

. ﬁ%}l =.k:'2(_‘A*).+kA__(AI*)'

= 1 d(MeI)

TIa T Tat

= fr (%) + kh_(AI')}_/ Ia I .}

and'_.r'z. in. Dj, and siﬁxplifying;,

o {1'+ o F2 ) e S .o Db
A 'ki(-Iz)"-" } o 5(9) |

This equation has been applied to the expeﬁmental results in auoh a

way as to give the best fit to. the most well establiahed points.

Inth:l.s

way numerical values of the constants have been _evaluate_d as fo].'l.ows:

ks ey

where

= 0.05m. - i fis = L3mm.

(Ié) and (P) .4re expressed in mms, .pressu're.

Using these experimentally determined constants, the three smooth

curves on the adjoining graph have been cbtained from D), plotting §Mel

against iodine pressure for each of the three different pressures of

acetone used.,

' It will be seen that the experimental results fit the
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equatien reascnably well, end certainly within experimental error,

A slight discrepancy arises in the low % region if
correction is made for the yleld of CO in this case, It will be
recalled that the above treatment negleots reaction (8); 41if any CO is
formed by this process it will be accompanied by an equivalent quantity
of methyl iodide in excess of that calculated from equation Dﬂ In
fact, equation D& represents § MeI - §CO more rearly than QMei alonse,
Deducting the observed values of $00, the heavily inked points afe
obtained at low pressures; however the correction is only -l ;and -1
to -2% in other regions, A better fit to these points could be
obtained by a slight alteration in the constants, but the general
agreement is satisfactory without this refinement,

Again, the iodine pressure dependocnce appears to be more marked
at low acefone pressurés tha.n equation D,j. lwou.ld j:red.'l.c-t. This may
well be attributable to assumption (d). .' 1e this assumption is removed,
the following equation 1s obtained | |

P MeI = 1-f : — - - 1 \
11 . 2 14 e f
&5(T,) Koo M1k (To) ) ....05

This equation may be made to fit the results more precisely than

5b = 1.8 k5a' However. the

introduotion of a third constant is scarcely Justified on the basis of

D&_ if the constants are so chosen that k

the two points availaBle at low pressures, and in fact theeffeot may not
be real,.

It is perhaps worthy of note that a much simpler mechanism than that
discussed above willl also lead to an equation in agreement with the
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observations. On the assumption that the mechanism involves only tne
activated molecule, susceptihle tc dcagiivation both by' iodine and -aoetone,ﬂ-
| an eguation of the form -

P MeI = 1/{1+~K1(A)+K2 (z,)} eeeeeD6
is obtained, This is in reasonable agreement with the results, though
not quite as good as D4; but the treatment is nevertheless invalid

since acstone alone is incapable of deactivating the excited molecule.

The effect of CO, on the photolysis

It has been polnted out that iodine possesses the property of
"deactivating’A", while acetone does not. A4s a further test of the
séeoific nature of this property, some experiments on the effect of co,
on the ddrect photélyéis were carried out.

Previous work by Howland and Noyes (32) shows that QGO rises in
the presence of" 1arge pressures of 002 at 25' -a.nd 3130 A. : Iredale and
Lyons (35) found & similar result with the unfiltered output of a
meroury arc, but both these results are attributable ma:!.nly to inoreased
d,eoanposit:!_.qn of aoetyl._ It is in faot impossible to decide whether
any dgactiyé.tibh proceé contﬁi;ﬁtés i:q '-the'ir.results'.' T_o-e.limi-nate
this ambiguity the dizfect photolysis was studied at 120°, at which
temperature acetyl is fully decomposed even in the absence of Co,. In
this case, PCO is a direct measure of the overall qua.ntmn yield,

The results in table VII (p. 76 ) show only e very small decrease
in$CO at 200um. of acetone when a further 200mm, of CO, is added, The
observed fall fran § =1 to § = .93 under such conditions is scarcely
ocmparable to the effect of iodine,at pressures 200 times lower. It is
concluded that the marked deactivating property of iodine is not shared
by 002 or acetone.
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Nature of the deactivation reaction

‘The above mechanism interpretes the speei"fio nature of this property
of iodine in terms of e reaction between iodine and A¥ which océurs in
two stages, involving the intermediate -f'omation' of an activated complex
of finite half 1ife, The behaviour of this complex is not known with
any certainty; it is contended simply that it breaks down in the

_ absence qf collisional deactivation into the reaotion produots methyl
iod:lde and acetyl » or acetyl :I.od.ideand methyl. Both of these reactions
would be exothermic to the extent of some 24 koal, if we take the
Btmngth of the G - C bond in. aoetone as 80 k:oa.l and assume that the
'iodine atom evolved in formation of the AI complex is in its normal
29%_ state.

Half . life_ceneiderationa,

At very high - pnl:sse:tes - of acetone praoticelly all those activated
. molecules whioh reaeh the AI state are ultima.tely deactivated. In this
case equation m,_ reduoea to |

_ ™

GUer = 1 '_{"14'.%1:2_“ }
. ‘ 312 .'.‘.e-.D7..

Introducing the value obtained for kz/-ky it will be seen that

$MeI = 0.5 at 0,05mm, of I,« Hence at this Pre_.seh#e.the initially
activated molecule A" has a 50350 ohance of agpntaﬁeo{:s: disruption into
radicals or of transformation into AT, by colliston vith I, This
pressure corresponds to a ‘collision freq\;eney of-epprt;x. 0.5 x 108
eollis:}:i‘:"ns per second befween any one Y molecule and iodine, assuming

& collision dismeter of 4.6 x 10 Cam, both for dodine and A"; so that

the average time between collisions is 2 x _:I-.O'asee. If every collision
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with I, results in ra.action, then this figure is a reasonable estimate
of the half life of A*; if not, then the half 1ife mwt Lo sumswhat
longqr.

Certain evidence has been disecusaed in the introduction (p.7-9)
relating to the temperature and pressure dependence of quantum yields
in the direct photolysis, It was shown that although any primarily
formed activated molecule was not subjeot to collisional deactivation by
acetone at 100°, some degree &b deactivation does ocour at 25°,
indicating a difference of 5 kcal. in activation energies for the
spontaneous decomposition of A*, and its collisional deactivation by
acstone, Noyes and Dorfmen made the further assumption that the
activation energy of the latter reaction is zero, i.e, that it oocurs
at every collision. From this assumption a half life of very
approximately 10™0seq, at 100° may be deduced from their data, but the
present investigations show that this assumption is very far from the
truth, At 100°, A* must be able to suffer at least 2000 collisions
with acetone without deactivation and probably very many more. Never-
theless, the ess.ential ;;oint Iof their argument remains, for it is shown
that activated molecules do play some part in the mechanism, and that
under certain conditions their half life is long emough to permit a small
degree of deactivation by acetone,in spite of the relatively low
efficiency of this process, The small deorease indCO from 1 to .93
in the presence of CO, might be expleined on the seme basis, assuming
a slightly higher but still very low efficiency of deactivation by CO,e

The half 1life of the AI" complex cannot be evaluated with any
certainty. If it is deactivated at every collision with é.cetone, then

its half life may be assessed at 10'1°seo. but there is no reason for



100

such an assumption, and certain evidence on the effeots of visible
light indionte the helf 1ifc 13 coasiderably lomger.

Alternative interpretations

It has been shown that the above mechanism gives a satisfactory
quantitative account of the results,and is not in disagreement with

previous investigations on the direst photolysis, However, this does

-not entirely prove its validity and in the following paragraphs some

consideration will be given to certain other interpretations.

(a) A mechanism involving two electronioc states of acetone

The mechanism advanced above involves the formation of two aotivated
species of finite half 1life., The first of these is almoat certainly
an activated acetone molecule, the sescond has been assumed to be a
complex formed on the addition of iodine, However the above quantitative
treatment would follow equally well on the assumption that the second
complex is ﬁothing more than a éecond electreonio state of acetone, a
state which still retains sufficient energy to dlssooiate spontaneously
into _fr.ee rad:i_.cals, but which 1s susceptible to deactivation by acetone
into normal .moieoules-. .'Tl.rxe kineties and quantitative treatment of such
& mechanism are identical with those used before, and lead to the same
form of equation for ¢Mel.

This postulate is in some degree supported by the fluorescence
studies of Hunt and Noyes (34), who conclude that at least two excited
states of acetone must contribute to the fluorsscence; that the half
life of one of them may be of the order of lo-as'eo (in good agreement with
the value obtained above) while the other is oonsiderably longer lived,
Furthermore, Luckey, Duncan and Noyes (38) have found definite structure

in the blue fluorescence characteristic of acetone, thus proving that the
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lower level to which the molecule falls after emission of fluorescent
radiation is also capable of existence for long enough to give a
discrete spectrum, The short wave end of the fluorescence lies at

about 26000cm, ™t

, equivalent to 74 koal, per gm, mole,, so that if this
fluorescence arises from the second excited molecule indicated above ,
it would still possess Just about enough energy for spontaneous
decomposition into radicals,

Such evidence is of rather doubtful validity, for it is not known
whether the fluorescence of 26000cm, " arises from a second level whioh
is 7k kocal. above the ground state,as the above argument assumes; or
from a transition from the initially activated state A", to a level ¢ .
74 koal, below it, in which case radical formation from the second level
would be energetiocally impossible. A point of more importance is that
the enery loss by fluorescence itself is practically negligible, and
there is no good reason to believe that most or any of the photochemical
decomposition ocours by similar paths, though its possibility is
oertainiy indicated,

A major objection to this mechanism concerns the specific nature
of the deactivation reaction, If these two electronic levels do exist,
they cennot differ in energy by more than about 10 kcal, if the lower
one is still %o decompose into radicals; for the energy of the first
stats is 91 koal. (equivalent to ome einstein of 3130 A radiation) and
abﬁut 80 kcal, are required to break the 0 - C bond, Now it is true
that the ability of amy molecule to remove energy fram collision with
anofher is dependent upon its own energy levels as well as thoae of the
activated species; but since the energy transferred in this
deactivation is only 10 kcal. it could surely be accamnodated in
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vibrational and rotational levels of practically any molecule with which
the excited species collides. Yet the evidence is that neither acetme
nor CO, can cause such a deactivation, while iodine does so very
effectively, and probebly at every collision,

One is forced to the cenciusioxi that this mechanism is unable to
acoount satisfactority for this point, and that it must be rejected
accord:l.ng‘ly_.'

b) Modified aj lication of the Spence and Wild mechanism

It will be recalled that Spemce and Wild have proposed & mechenism
based on two excited states of acetone in which the second state is of
mach lower energy than the first - and. theref'ore free from the
ob:jechan Ppointed out in (a) for present purposes., This second state
is asgumed to -deeompose into ethane and carbon monoxide at a rate which
cémpetos with its deactivation. "It is obviously "t.mteliaﬁ_e- ‘in its
original form in “the present work, for the yields of ethane and
generally GO are praoticelly negligible, However Feldman, ‘Riced,

Burton, and Davis (21) have ‘attempted to expla.in Gor:l.n's resu.'l.ts on
such a bas:!.s, assuming tha.t both these nozmal reactions of the gecond
l_ state ‘are quenched in the presence of iodine by the quantitative reaction:
(3H5(.‘.0C}I-I5 + 12 -—> CH31 CHBOOI
Hence §Mel would be unity, as Gorin found,

It is difficult to see how such a reaction could- be qtantitative at
iodinie pressures as low as 1/500 that of 'a'.cetone', since the Spence and
Wild mechanism requires that A 4s definitely susceptible to deactivation.
However the point is difficult to prove experimentally so long as @Mel
remains at unity,

If one applies this interpretation to the present work, and assumes
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that the seoond state A™ does exist, but does not disscoiate into
ethene and CO (to account for the ahsenne of thase produata) then the
fate of this second activated molecule will be decided by a competition
between its collisional deactivation,and participation in the above
reaction, On this basls the quantum yleld of methyl iodide will be

given by an equation of the form:

. 1 :
MeI = 1 - - Kl }{1 + K2(12)}
(1) (1) R, -

Such an equation does not express the experimental results; e.g. if ome
attempts to caloulate the constants Kl and K2 from the two best
established points, a negative value for K, is obtained, It must be
concluded that this mechaniem does not operate under the conditions of
my investigations, Onme feels that this weakens very considersbly the
contention that it operates at 2537 K as Burton et.al. maintain, and
tﬁat in fact the results at this wavelength are to be attributed solely
to a free radical mechanism, _ _
(o) A mochanism based on 'ata:;ic jodine reactions

A process that might very well explain the specific character of
the deactivating property of iodine is the reaction:

A vy o1, - A" o+ o ceeeane(X)

Since iodine may be dissooiated into two normal atoms with
absorption of 35 keal. (or 57 keal, if one atom is in the excited
2‘.?5 /2 state, though this is perhaps unnecessary in the neighbouring
magnetic field of an acetone molecule), then such a reaction is

oonceivable for iodine but energetically improbable for acetone and

002. The resultant molecule A™* would Possess some 58 koal, excess
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energy; insuffiocient for spmt@m decomposition into radiecals, but
enough to enable a further reaction with iodine atoms according to such :
reactions as :

A"+ I > H,T+CH00 e (®
A" . I —» CHy +OH,00I cevsese(2)

Such reactions would be exothermic to the extent of same 22 koal.
if the atoms produced in (x) are both normal; if one is excited then
(y) would be Just energetioally possible with the normal atom and again
22 kcel, exothermic with the excited atem,

A weak point of this interpretation is the requirement that A**
should have a very long Ralf 1ife; otherwise its 6ﬁances of collision
with iodine atoms would be negligible; though it is diffjoult to
assess lodine atom concentrations in any given conditions, Asﬁumin_g
for the moment that such conditions are cbtainable in prectice, then
the net effect of such a mechanism is the replacement of reaction (%)
in the original mech&nism by reactions (y) and (z). This leads to
the following expression for §Mel: |

1

Plel = 1 - 1+K1 }1—1{2(1) |
{ '(TZT}{ ) cesvessDI

where (I) is the lodine atom concentration,

The iodine atom mechanism involves so many reactions that it is
difficult to obtain an expression for (I) which would ensble an
experimental test of D9, The following approximation may be

considered:
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Jodine atoms are formed by the reactions:

» . N

F-3 + 12 o A ¥ 23 eeesses o
(!H3 + 12 —-> GHBI +* I } reeesee B
CH300 + 12 - QHBCOI + I

and are destroyed by the reactions:

A +* I"" I -> 12 '." A sesacee x
¥ . R
: -
I + A. @31+05300 } ~J
I + A" - cﬂjcox_+c33 :

At the most, reactions § can remove only half the iodine atoms
produced by d ; as a first approximation such § reactions will be
neglected for purposes of estimating (I)..

Balanoing ¥ against o , we obtain by a further approximation:

(1) = & f 1= where Ta = absorbed intensity
" T4)

| %
Further, this dependence on (Je) remains without the additional
approximation. | '
Alternmatively, if we make the much more improbable assumption

that B is the main source of iodine atom production, we obtain:

)y = ¥ [1,
v &Y

Substituting either of theme equations in D9 gives an expression
for §MeI which is not in accord w:lth the results, .In pa.r'l_:iéular there
is no indication of any intensity dependence,in spite of a five fold
variation in Ia. If the mechanism is treated more fully by balancing
ok +/3 againast ¥ + § the result is inocapable of eiperimental

verification; but the general conclusion is that equation D9 will
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express the results only if the iodine atom concentration remains
ceagtant uadsr all experiwental comditioms, for in this case, and in
this case only, it reverts to the original equation D4, It is most
improbable that this requirement could be met in practice,in view of
the complexity of the iodine atom mechanism., On the whole, the iodine
atom treatment appears untenable.

Effect of visible light om the photolysis

As a qualitative test of the participation of iodiﬁe atoms in the
mechanism, somé experiments were performed in which these atams were
artificially introduced into the systém during photolysis,by irradiating
it with visible 1light. The results, set out in table IX (p. 79 ),
have established the following points:

(a) That the visible irradiation in use was alone inoapable of
" photochemical roaction, either on acetone alone or in acetone iodinﬁ
mixtures., No reaction can occur between iodine atomé and normal
acetone molecules, |

(b) That addition of visible radiation to the ultraviolet makes no
appreciable difference to the results obt'ainpd on acetone alone,

(o) That the quantum yield of methyl iodide in the presence of .
iodine showed a small but probably significant increese from .11 to 137
when the photolysis was performed in the additional presence of visible
radiation,

It is concluded that some species is formed during ultraviolet
irradiation with a half life sufficiently long to permit some degree
of interaotim with iodine atoms, in spite of their low concentration.
Unfortunately the result is essentially qualitative, for it is

extremely difficult to estimate the iodine atom concentration dur:l.ng
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normal conditions and in the presence of visible irrediation, It
oould be taken as evidence in favour of (c) above, but in essence it
only shows the possibility of atamic iodine reactions if their
omoe#tntion is made sufficiently high, and the arguments ageinst (o)
are too strong to be refuted by this one result,

It is by no means impossible to reconcile this result with the
. mechanism originally advanced, for iodine atoms may very well react
with the AT" camplex according to one or other of the reactions:

» .
AX -+ I - CH; + 0H300 + 12

" " -> GHBI + GH3001

This would require that the AI”'camplex has a fairly long half
life, and is therefore to a certain extent resistant to deactivation by
acetone, but one cannot be definite about -suCh points in the abzence of
knowledge of iodine concentmtic_ms. It would be of some interest to
investigate the iodine atom e_ff‘ect more quantitatively, but such a.

stud& would present considerable practical difficulties.

Conclusions regarding the mechaniem

The above discussion makes no pretence of being exhaustive,
doubtless there are other interpretations which would. lead to the same
kinetic equations, Nevertheless, the mechanism as advanced 6r_i.gina11y
.appears to be the only one of those co,naidexﬁd which can reasonably
explain all the evidence ‘of the present investigation; at the same
ti_:pe it is not opposed _to the results of _prev:l.ous investigatioﬁs ,as8
it becomes effective only in the presence of iodine, The evidence for
the existence of two excited entities of finite half life appears 'l;o

be fairly conclusive; if one accepts this, then the proposed equation



108
D4 is not unduly compliocated since it involves only two rate
coefficlents for each of the excited states.

'i'hG precise nature of the 2nd state is not well established; it
may be an addition complex of elementary ilodine of the type AI;rather
than AI*, but its subsequent reactions and kinetics would be entirely
analagous to those discussed above, The evidence available is not
adequate to decide between these two possibilities, though the fdllowing
considerations would perhaps favour the A.'-[ﬂF canplex:

(1) The increase ind Mei in the presence of iodine atams is more
readily explained on the basis of a reaotion with AT" ﬂiﬁn'withi,AI;.

(2) Rabinowitch and Wood (71) have shown that recombination of
iodine atams by ternary procéss ooours with a remarkably high efficency
in the presence of benzene and- other polyatomic molecules, This
suggests the existence of an intermediate addition complex of the type
CgH¢-1", with en epprecisble half life.

In view of the foregoing, it is concluied that $he original
meché.niaﬁ offers the most reasonable :Lnterpze'tgtion of the results,

B) The quantum yields of meth .1 iodide at 2 R

Very little can be aaid on this subject since the results were
so unsatisfactory., However they do shpw. a marked increase in quantum
ylelds over those cbserved at 3130 A, and the radical quantum yield
may well be unity within experiinantal error, There seems no reason to
doubt the conclusion.s of Gorin and other workers fhat the primary
process at this wavelength is a direct split into radicals.

(C) Yields of uncondensed gases |
It has been shown that the yield of ethane is negligible at both

wavelengths, in full agreement with earlier work by Gorin and by Benson
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and Forbes, There can be no reasonable doubt that if methyl radicals

~do contribute to the mechanism, their combination to form ethane is
completely quenched in the presence of iodine even at pressures as low
as ,5mm. in 200mm, of acetone,

Methane yields were not acocurately estimated, but were found to be
very low, in general less than the CO yields., Quantum yields of
residual gas after removal of CO were in practically every instance
less than ,01,and generally less than .005 indicating that'ic'ﬂb_ is
somewhat lower than this f:l.gu:l.'e.

If is assumed that methane arises solely from the reaction:

01713+003000H3 —> cHl;—cHzcocH} esesess (10)
and methyl iodide from the reaction:
GH5+12 '_" -GHBI‘—"—I o o-oo---' (6)

then we obtains

CH5I . ké(Iz) -
o, kyod)

and if both reactions have the same steric factor, this becames
CH, T (a)
— = . o =(B.n =E.)/RT
ca, (1,) e 10 ™76

where E, and E¢ refer to the activation energies of theirrespective
reactions,

The experimental results show that OH,I / CH, is greater than 100
when (ﬂ)/(Ia) = 200,

Hence ElO - E6 = To4 kecal,

The value of E,. is not known with any ocertainty. Allen (2)
estimates it at 7.1 kcal; Dorfman and Noyes (16) deduce a value of
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6.5 koal, on rather dubious assumptions, while Rice and Herzfeld (54)
and Tesrmakers (39) ecomsider it in of the arder of 15 kaal. I is
concluded that Eg 1s small and may even be zero, in accord with previcus
agsumptions,

It must be pointed out that the above calculation is relevant only
to the results at 2537'3, for the mechanism at 3130 K is such that
methyl iodide arises in part from spontanecus dissociation of AI*, and

does not necessarily proceed through intermediate free radical formation.

Yields of carbon monoxide

The ylelds of CO are of socme interest in relation to the stability

of the acetyl radical, The following table summarises the results

" obtained on acetone:

Conditions co / CHy I P oo

(a) at 3130 4 -
Acetone pressure 200mm, .01 005 001
u n 62+ | .02 " .006

" " 16 . " .04 M .019

'| (v) at 2537 4

Acetone -pressure 200mm. .17 > 1k

’

" " 20" .28 > 1l

-]
At 3130 A there appears to be very little decomposition of acetyl,
but it is questionable to what extent the acetyl radical contributes to

the mechanism, The AI* complex may break down to methyl iodide and

acetyl, or acetyl jodide and methyl; furthermore any acetyl radicals
so produced will not possess the same energy as those formed in the
direot photolysié, and will therefore decompose to a different extent.
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Nevertheless equation D4 shows that at pressures of 200mm, nearly all

the methyl iodide in tha prodnats arisss from methyl radicels.-formed.
by decomposition of the initially excited molecule A*  These mst be
accompanied by acetyl radicals identical with those produced in the
direct photolysis, and results show that only 1'/.of these radicals _
break down to CO and CH;. It was pointed out on page &6 that Noyes

and Dorfman's estimates of this degree of spontanecus decomposition

of acetyl prior to any thermal reaction place it at TZat 3130 3. and
22%at 25357 A, The present wark indicates. that these estimates are

too high, but the wavelength dependence is nevertheless well established.

The rise in C0/MeI with inorease in pressure may be correlated
with the following effects:

(a) As the pressure is lowered, more acetyl radicals arise from
the AT complex, with results which are difficult to assess, but which
might well lead to a decrease in CO/MeI.

(v) The effect could be explained on the assumption of a
heterogeneous decomposition of é.cetyl on the walls of the reaction
vessel. _ .

(e) Most probably, the result is concerned with a pressure.
dependent deactivation of acetyl radicals, The treatment of Noyes
and Dorfman assumes that a certain fraction "a" of these radicals
- decomposes before thermal equilibrium is attained, followed by a normal
thermal decomposition of the unexcited radicals, It would seem
reasonable to represenf this scheme by the following simplified
mechanism, representing the acetyl radicals as originally formed by

CH 300
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o )
CH,4CO. /7 —> CHz + CO (a)
Y (\F;, = .y —_ g s o N

followed by the normal thermal decomposition:

. N r
'GHBGO + M = GH300 —> GHB"' co

or, in the presence of iodine

2 —> CH 3(.'ZOI + I

On this basis, the_. percentage of spontaneous decomposition of

OH;GO + I

acetyl would be determined by a competition between (a) and (b), and
would therefore increase at low pressures, as observed in the present
case. In other words, the fraction "a" in Noyes and Dorfman's
treatment should be dependent on pressure as well as- wavelength, a
conclusion which is surely quite reasonable, One feels thatthis is

a more probable exp]_;a.natién than (b), for there is no a priori reason
to invoXkve a wall reaction for the decomposition of acetyl,

At 2537 A the effect 1s very marked and may well explain the
discrepancy between the very small yields of CO reported by Gorin at
1200mm, of acetone and those obtéined by Bensoﬁ end Forbes at 12mm,,
where values of §CO of about ,7 were obtained in the presence of
iodine, |

A s:lmilé.r effect was observed with methyl ethyl ketone; evenlat
‘ ' 3130 A the quantum yield of CO rose from 0014. at 90mm, to .09 at 15mm.

-Farf‘or j(c) abdﬂe
Again this result is probably attributable to irereesing-predeminance

The quantum efficiency of radical production, @R, has been shown

on page 59 to be given by:
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§R =@EtI + §MeI - @CO
On this basis, the results of the final series of experiments on methyl

(-]
ethyl ketone at 3130 A are summarized below:

Pressure of ketone PELI | PMeI yco | R

90mm, .82 <042 .00 .86

15mm. 975| .09 | .o | .97

It appears that the mechanism discussed above is not of much
quantitative significance in this case, and activated moleoules do not
contribute to the mechanism to anything like the same extent, This
conclusion is supi:or'_l:ed by the fact that no fluorescence corresponding
to tt_:at observed in acetone has been observed in methyl ethyl ketone,
though Matheson and Zabor (44), and Padmanabahn (48), have observed
the green fluorescence at low temperatures which is characteristic
of diacetyl. Further, Ells and Noyes (18) have found no discrete
structure in the absorption spectrum of this ketome at 3130 4, again
in contrast to acetone,

Gorin reported the formation of propane from this ketone, even in
the presence of iodine, No attempts at propane estimations have been
made in this work, but since the CO yields at high pressures v;em less
than 1% of the alkyl iodide ylelds,any primary reaction of the type

GH30002H5 - GSHB + CO
would appear to be negligible.

The primary processes may then be represented by the reactions:

5 * x
OH ;0001 h? -  CH,C00.H,
CH,# C,H,CO cees (a)
'. P 3 5
CH,COC 5Hig <

0,Hg+ CHi;CO vees (D)
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It is necessary to invoke the initial formation of an activated

molecule followed Yy o mechanicn-cizilor-{to-that-Adscusscl-abow o

account for the slight drop in§R with inorease‘ in ketone pressure;

but the half life of this entity is mmch lower than that formed from

acetone, and its inoclusion in the mechanism is only of minor i.mportance..
In view of this it is reasonable to treat the yields of iodide as

derived solely from radicals. On this basis the results indicate that

reaction (b) predominates over (a) in the ratio of 20: 1 at 3130 A°, and

very approximately 2.6 : 1 at 2537 K_. '

Stebility of the propionyl radical

The ratio of CO/Mel in the products, &verages 1/10 in all series
of experiments at pressures above 50mm., and at 3130 3. Since any
methyl radicals arising from decomposition of acetyl would be
accompanied by an equivalent quantity of CO, it is conoluded that most
of the MeI yield arises from methyl radicals produced in reaction (a).
These again must be accompanied by an equivalent quantity of propionyl,
end it is concluded that this radical is not as unstable as has been
frequently assumed, since under the above conditions its decomposition
into ethyl and CO cannot have exceeded 1OZ. As with acetyl the extent
of this decamposition is dependent on the wavelength of the light used

in its production, temperature, and also pressure,
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SUMMARY
These ih;;'eétig'éﬁi'qhé have been directed to the elucidation of the
meohanj.sm of the photochemical deccmposition of acetone and methyl-
ethyl ketone., Previous work in this field indicates that the
mechanism proceeds mainly via the formation of free radicals; in this
work an attempt has been made to determine the primary yield of such
radicals by combining them with iodine, after the method of Gorin,
The method has been improved in sensitivity by the use of a radicactive
tracer technique, enablh;g the separation and measurement of smaller
yields then has been possible hitherto, The method consists in
performing the photolysis in the presence of radioactive iodine vapour;

the products so formed may be diluted with separable quantities of

inactive carriers, and ultimately separated and estimated by means of

their activity,

The results obtained at 3130 A show that the quentum yield of
methyl iodide in the acetone photolysis is very mmoch lower than unity;
it is dependent on the pressure of acetone and iodine while all normal
geseous products are practically absent. It 'é.ppears that the primary
process at this wavelength is the formation of an activated molecule
which normally breaks down to free radicals, The funotion of iodine
in the system has been interpreted on a twofold basis; firstly it
combines guantitatively with any radicals, as Gorin has shown, and
secondly it possesses the remarkably specific préperty of deactivating
the excited moleocule, From the pressures at which this deactivation
becomes effective, a half life of at least lo'sseq. has been deduced
for the excited molecule, a value which is in agreement with certain

results of fluorescence studies, Nevertheleass pressures of 200mn. of
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acetone or 602 cause no appreciable deactivation in the direct
phctolysis, as the resuits of tiis and wany other investigations hdve
shown, .

A mechanism has been advanced to account for the specific nature
of this deactivation, and it has been shown to be in quantitive
agreement with the observations,

In methyl-ethyl ketone at 3130 R, the quantum yield of radicals is
shown to.be nearly unity and only slightly dependent on pressure. It
is inferred that the hglf life of the activated molecules formed in this
ketone is much smaller, and the net effect is that the primary process
is very largely a split into free radicals. Two such modes of radical
formation are possible, ‘their relative predominance has been deduced
from the ratio of methyl iodide to ethyl iodide in the products,

Some experiments were carried out at 2537'3, but the results wére
not very conclusive as regards absolute values of quantum yields,
owing probably to the presence of mimate traces of mercury vapour,

Nevertheless the yield of methyl iodide is markedly increased at this

wavelength, and it 1s indicated that the primary radical quantum yield
may be unity,

The yields of carbon monoxide in the presence of iodine have been
consldered from the point of view of stability of the acetyl and
propionyl radical. It is conoluded that when these radicals are
produced with 3130 A irrediation they do not decompose significantly
into alkyl radicals and CO, at 100° in the presence of iodine, The
extent of this decomposition increases markedly at 2537 K as has been
inferred from previous investigations, and also increases at low

pressures, a result which implies that the radicals as originally
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formed are normally deactivated to thermal energies by a pressure

. dependant. nirocess, : T N

The general conclusion from these investigations is that the normal
photochemical mechanism proceeds exclusivelj by processes which involve
the formation of free radicals, Such radicals are produced directly
upon abgsorption of 2537 Z irradiation, but at 5130-3 they arise from
the spontaneous deoompoéiti;:n of an activated molecule; The existence
of this activated molecule may be inferred from its reaction with
iodine, but it appears to be essentially resistant to deactivation by
acetone .except at high pressures and low temperatures., Accordingly,
it would seem that for all practical purposes the net result in the
sbsence of iodine is the formation of radicals with a quantum yield of

unity,
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